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1,  Artificial  Intelligence  Project 

Artificial  Intelligence  Is  the  expert  manta  I  and  theoretical  study  of 
perceptual  and  Intellectual  processes  using  computers.  Its  ultimate 
goal  Is  to  understand  these  processes  we  I  1  enough  to  make  a  computer 
perceive,  understand  and  act  In  ways  now  only  possible  for  humans. 
This  understanding  Is  at  present  In  a  very  preliminary  state. 
Nevertheless!  progress  In  Identifying  and  duplicating  Intellectual 
mechanisms  Is  being  made  and  the  range  of  problems  that  computers  can 
be  made  to  solve  Is  Increasing,  The  understanding  so  far  achieved  has 
Important  potential  practical  applications,  The  development  of  these 
applications  Is  worth  undertaking, 

The  Stanforo  Artificial  Intelligence  Project  Is  concerned  with  both 
the  central  problems  of  artificial  Intelligence  and  some  related 
subfields  of  computer  science,  The  proposed  structure  of  the  Project 
Is  given  |n  Figure  1,  The  scopes  of  some  continuing  activities  have 
beer  modified  and  two  new  research  areas  have  been  added:  Analysis 
of  Algorithms  and  Machine  Translation, 


figure  1,  Structure  of  the  Stanford  Artificial 
I nte | | I gence  Project 
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"Analysis  of  Algorithms"  is  headed  by  Professor  Donald  Knuth  and 
directed  to  an  understanding  of  the  quantitative  behavior  of 
oartlcular  algorithms,  The  properties  of  many  algorithms  that  are  of 
central  Importance  to  computer  science  are  known  only  In  a 
aualltatlve  or  crudely  quantitative  way,  Knuth  and  his  group  are 
employing  analytical  techniques  to  deepen  our  knowledge  of  this  area. 

The  problem  of  machine  translation  will  be  approached  anew  from  two 
directions:  artificial  intelligence  and  linguistics.  This  small 

project  w|i|  Involve  representatives  of  both  disciplines  who  propose 
to  test  thejr  ideas  Initially  on  a  restricted  formal  language, 

"Interaction  with  the  Physical  World"  Includes  continuing  projects  on 
computer  vision  and  control,  as  well  as  speech  recognition  research. 
During  Prof,  Feldman's  sabbatical  leave,  (academic  year  1970-71) 
responsibility  for  Hand-Eye  research  has  passed  to  Drs,  Thomas 
Blnford  and  Alan  Kay,  Work  on  speech  recognition  was  curtailed  with 
the  departure  of  Professor  Reddy  but  Is  continuing  In  the  area  of 
syntax-directed  recognition, 

Work  on  Heuristics  continues  In  the  areas  of  machine  learning  and 
automatic  deduction,  Board  games  such  as  Checkers  and  Go  are  the 
primary  test  vehicles  for  Ideas  |n  machine  learning,  Theorem- 
proving  Is  the  current  objective  of  our  research  on  automatic 
deduct  I  on, 

John  McCarthy's  Representation  Theory  work  will  continue  on 
eso  I  sterno | og  lea  I  problems  (|,e.  choosing  a  suitable  representation 
for  situations  and  the  rules  that  describe  how  situations  change), 

Research  |n  Mathematical  Theory  of  Computation  Is  expanding  somewhat, 
partly  through  other  sources  of  support,  A  practical  goal  of  this 
work  Is  to  replace  certain  t | me-consum | ng  and  uncertain  program 
debugging  processes  w|th  formal  proofs  of  the  correctness  of  programs, 

The  work  on  Models  of  Cognitive  Processes  shown  In  Figure  1  Is  an 
affiliated  project  not  Included  |n  th|s  proposal.  It  will  be 
supported  by  the  National  Institutes  of  Mental  Health  under  Grant 
MH06645-10, 

Subsequent  sections  cover  the  proposed  research  In  somewhat  more 
data  I  I , 


1,1  ANALYSIS  OF  ALGORITHMS  (Donald  Knuth) 


of'jhVb^JVo.  ,5tu?y  -'r.ct.d  t, 

opob I ams  are  usually  Investigated?  ?  “  ,r  8 1 508 ■  tf>m8 ■  Two  kinds  of 

A,  Quantitative  analysis  of  an  algorithm  in  thi.  *u 

soal  Is  usually  to  determine  the  runn  ng  tlma'.ni/o!  °  the 
requirements  of  a  given  algorithm  th*.  *  m®  and/or  memory  space 

ean  be  done  |n  In  essen^li.  m  i,  natlon  °f  inning 
exoressing  the  algorithm  In  soma  riich  |  nS-  ndli  endon  t  "'T  *  "*n',,r,  6y 

gna  |  we  |  •  ti  /  x  u  A  ,  cun.s  I  nc  I  ude  a  ^wo  r  s  t  c  a  s  a 

analysis  (the  maximum  number  of  times  that  th»  caae 

performed,  taken  over  some  specified  set  of  innSt*  JJ\k8tap  can  be 

a  “hast  c...  analysis'.  Ith.°m?nl^m  n!»b.r  0?°?“.*?  ‘J*  * " “SI'*?*’ ' 

"“inpitH,5"  .,,th*ir,;;s?.oT5:;,::b?r:os  ior  ■  siv*n  «*<»*nbutrSn 

tyolo.l  ax.mola  of  such  an  analysis  Is  pr.s.nt.S’ln 

goal  Is  u;ual*i*tj'f*5i0thJ,.bMt,"jM.*b"!IltI"S;,ithII  *?!’  '*”1the 

Sh"h  reflects?* ‘as"' rea* I st*ca??y9°as  d,,|n|I'»n  °f  "fast  o!sslb|J» 
characteristics  of  the  hardware  uhirh  po®s,ble*  tb®  pertinent 
algorithm,  A  tyP|Ca|  example  of  this  sort^f0  anaiys °s  '  m  ed  *5* 

the  problem  of  computing  x»n  with  the  fewest  multiniin  .?pp 1  *eb  to 
Is  fixed.  Is  discussed  In  detail  In  C2,  pp,  401-4183?  cat,ons  wh»n  n 

algorithms'  till  V^h^ '' V*0  '  °y#d  when  comparing  two  different 
jart.cuiar  oomputer' °f  V \l™  ,i?t\ cU.^ypT '  Tf  '  %?"  a 

Jh"  ty  ol  e«nUSi,C.ry°S:ipfST  ?H'd«  ldfnY°hI‘  *  “r°6",m'  a8a  I  yaa^o? 
should  ba  chosen.  Occas  Sna  |y  t?^  f  Tn-i  °  several  algorithms 
Into  th.  al»o.lthms°Ct^i:?;  ?  \  88  «•  *'»»  incorpor.t.d 

algorithm  C2,  pp,  93-963  carries  nut  ®P»ctra|  test" 

of "iter h? T  th8  data  haS  b8en  transform»d  enough  to  I et ^another * '  t  ** 
Of  It.r.tlon  comp  I  at.  th.  Job  In  a  reasonable  amount  Jf  VDe 

« *- 1 1?  ,;r,r;otuMp;h®  ?uoerior  .*»  ty»*  * 

J.,n:,y?r:i;:d*'ixU;;rltr '"n?h;"i*,”:  's“*e*^a 

a.flnition  of  "bast  posslbl."  o.n ■iJnVfTcaot  J  ???."?.”  '"I”8 

av.  |  u.tad  I?th°  oniy'o"  I^m.*?  .’.I  „°  “  f'JVvUT^  |!  .??"  $8 

K  yuyev  end  Kokov* ,  n-Scherbak  [33  proved  tSat  Vj 


3 


•  I  I  nr.  I  nat  I  on  method  for  matrix  Inversion  uses  the  minimum  number  of 
arithmetic  operations,  provided  that  whole  rows  are  always  operated 
on  at  a  time}  but  Strassen  C4]  has  recently  discovered  that 
substantially  fewer  operations  are  needed  If  the  row  restriction  Is 
dropped , 

Another  problem  w | th  type  B  analyses  Is  that,  even  when  a  simple 
definition  of  "best  possible"  Is  postulated,  the  determination  of  an 
optimal  alqorlthm  |s  exceedingly  difficult,  For  example,  the 
following  basic  problems  are  among  those  not  yet  completely  reso.ved: 

(a)  The  m|n|mum  number  of  multiplications  to  compute  xtn 
given  x  with  n  fixed, 

<b)  The  minimum  number  of  arithmetic  operations  to  compute  a 
general  polynomial  a<n)x»n  +  ...  ♦  a(l)  ♦  a(0)»  given  x,  for  fixed 
values  of  the  coefficients, 

<  c )  The  minimum  number  of  steps  needed  to  multiply  two  given 
binary  n-b I t  numbers, 

<d)  The  minimum  number  of  steps  needed  to  recognize  whether  a 
given  string  belongs  to  a  given  context-free  language, 

;e)  The  minimum  number  of  steps  needed  to  multiply  two  given 
n  x  n  matrices,  when  n  |s  known, 

<f)  The  minimum  number  of  comparison  steps  needed  to  sort  n 
e  I  errents. 

Asymptotic  solutions  are  known  for  proolems  (a)  and  <f),  and  the 
solution  to  (b)  Is  known  within  l  or  2  oparatlons,  for  "almost  a|  |" 
polynomials;  but  |n  cases  (c)*  (d),  and  (e)  the  known  upper  and  lower 
bounds  for  the  desired  quantities  are  far  apart,  No  asymptotic 
solution  to  problem  <f)  Is  known  when  simultaneous  comparisons  are 
allowed,  The  evidence  In  case  (a)  suggest  strongly  that  the  exact 
answer  as  a  function  of  n  has  no  simple  form  which  w|||  ever  be 
discovered  without  exhaustive  tr I  a  I -and-er ror  search,  Furthermore, 
the  simplified  definitions  of  "best  possible"  often  fall  to  represent 
sufficiently  realistic  situations)  for  example,  Items  need  not  be 
sorted  by  means  of  comparisons  at  all,  they  can  be  sorted  by  using 
bit  Inspection  or  by  using  Identities  like 

mln<a,b)  =  (a  +  b  -  lb*a|)/2 

If  only  the  number  of  comparisons  Is  considered,  other  Important 
characteristics  of  the  sorting  problem  (e,g,,  the  logical  complexity 
of  the  program  and  of  the  data  structures)  are  Ignored,  Therefore 
although  type  B  analyses  are  extremely  Interesting,  type  A  analyses 
more  often  pay  off  |n  practice, 


A 


really  a  Snjfied  d  I  sc  I  o  I  !  ne?  '  f  ^ach^  loop  I  th*  deslrab,e*  bu*  's  't 
Quite  different  from'  each  othe?  Sion  T  Presented  a  problem 

would  be  no  more  than  a  hodglSodge  of  (solited^le  °f . A ' 9°P ' thms 

.rioting  3ha^  ^\r.bVr: 

eresent  |n  this  «,r.a  that  a  9000  deal  of  unity  |s 

Some  of  the  most  Important  unifying®  p  r  |  £c  iSl  es  aPP"eJ  repeatedly, 
conservation  law  for  flowchart*'  **  PJ  aPB  'K I rchhof f ' s« 

discrete  calculus;  and  some  aspects  of8  Vnf o°f  °anerat,n9  functions! 
automata  theory  /r«  aspects  of  Information  theory  and  of 

see  the  I  Istlngs'under  "Ana “JII e“of  ' >  j So?l  thile"’  °*  th8!"  I  dues, 

•"1  to  C2 3 ) ,  ru?tJer«?Ir  It  I*  “J!  un”ole  J  'I"*  t0  C1J 
•nalysls  of  one  algorithm  ioo  lea  p.Ceotly to ,t°  lnd  that  the 
another  superficially  unrelated  aloorlthm  *  ??  the  ana,ys,s  of 

exchange  sorting-  |s  governed  by  essJSt  alii  ,Xam»l8-  "radix- 

oertaln  form  of  "tp|e  memory”  3  Th.  „  ,  ,  the  sarne  jaws  as  a 

the  maximum  of  a  set  Involves  the  s!m!  !  V!  ?  °f  a"  a|0op|thm  to  find 
of  the  number  of  !  Jh!  ame  fopmu,a  as  does  the  analysis 

of  this  algorithm  |s  strongty  r£  I  ate^to^he  '  *t '  a"d  th®  PUnn|n°  t'me 
by  the  -reservoir  sampling”  a  I  wntSm  I?r®9?*  Soace  p9^lred 

coming  to  be  a  coherent  discipline,  ’  A  I gor | thm | c  analysis  ls 

fnya?y^lS''^ibX0,MSrrrJC'l.n^’  ,the  ,leld  h  I  gor  I  thm  I  c 

somewhat  surprising  that  *«  lit*  C  ntpa  CCre  of  the  subject!  It  Is 
to  It,  *itP mjy Bbih *1™*' tIha?°npentIat?d  Etudy  has  baan  devoted 
analyzing  our  a  I  gor  | 'thms,  °  I  est  we  nevar  ldn'J  sPend  too  much  time 
13  Quite  true  up  to  a  lo\nV, \\nce “J?  I  s' §!.!?yfh  08  e'Se  done'  Tb's 
person  to  analyze  carefSl|y  every  oroorlm  £!lja!n|y  pp,necessary  for  a 
are  many  algorithms  which  hale  ?Se?la?  t*  Wp|^8s,  but  there 

applied  to  so  many  different  nrnhiem*  ril  ,mportance  because  they  are 
understoood  I,  Comout.r  scenes  Is  to' '.d^nea’c  gj|  f  ba  "a" 
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1,2  Mechanical  Translation  (J,  McCarthy,  R,  Schank.  Y,  W I | K s > 

Me  plan  to  undertake  a  small  affort  In  mechanical  translation.  The 
first  effort  will  be  to  create  programs  to  translate  from  a 
restricted  formal  language  RFL  Into  both  English  and  French,  The  Idea 
Is  that  NFL  will  be  used  to  express  the  semantic  content  of  the 
sentences  Independent  of  grammar  and  without  the  syntactic  and 
semantic  ambiguities,  There  are  two  views  of  semantic  content  of 
natural  language  he|d  In  i.he  project  and  elsewhere,  and  both  will  be 
explored,  probably  to  the  extent  of  making  two  translators, 

The  first  view  (the  linguists  In  the  project  are  betting  on  this  one) 
Is  that  semantic  content  (at  least  to  the  extent  necessary  for 
translation)  can  adequately  be  expressed  by  some  form  of  non-|oglea| 
representation,  such  as  a  network  structure, 

The  second  view  (held  by  Al  people  like  McCarthy  and  Sandewali)  Is 
that  the  semantics  of  natural  language  will  have  to  be  developed 
along  lines  similar  to  those  taken  In  mathematical  logic,  l,e.  the 
notion  of  denotation  for  phrases  end  sentences  of  natural  language 
will  have  to  be  formalized.  From  this  point  of  view,  the  first  cut 
at  RFL  shou|a  be  based  on  the  predicate  calculus,  and  a  major  effort 
should  go  Into  devising  predicates  that  will  enable  the  content  of  a 
wide  class  of  sentences  of  natural  languages  to  be  expressed, 

From  the  linguistic  end,  Yorlck  w||ks  and  Roger  Schank  w|||  lead  the 
work  aided  1/4  time  by  Or,  A,F,  Parker-Rho’des  and  with  Or.  Margaret 
Masterman  as  a  consultant,  From  the  AJ  direction,  McCarthy  and 
perhaps  Patrick  Hayes  will  take  part,  Several  research  assistants 
will  also  be  I nvo | ved, 

One  major  reason  for  reopening  th»  mechanical  translation  problem  Is 
that  considerable  advances  have  been  m-ide  towards  the  satisfactory 
semantic  representation  of  natural  language  material,  Another  Is  that 
there  has  been  an  Inorease  in  the  general  level  of  sophistication 
about  the  dellcaoy  with  which  real  natural  language  forms  must  be 
treated , 

MT  went  through  a  certain  number  of  clearly  definable  phases,  Thera 
was  the  word-for-word  translation  stage,  at  the  Inception  of  MT, 
When  that  failed'  linguists  were  called  on  to  remedy  the  situation, 
Their  emphasis  on  syntactic  struoture  caused  a  shift  towards  more 
formal  methods  |n  MT,  most  of  them  based  on  the  work  of  Chomsky, 
When  that  approach  failed,  it  became  Increasingly  clear  that 
something  called  semantics  ought  to  be  added,  but  no  one  was  Quite 
sure  what  that  was,  Workers  In  MT  began  to  fall  Into  three  groups; 
those  who  thought  that  a  great  deal  more  lexicography  was  needed; 
those  who  felt  that  the  lack  of  an  adequate  theory  of  human  language 
understanding  and  generation  must  be  dealt  with  before  more  effort  on 
MT  could  be  expended)  and  those  who  were  so  heavily  Into  their  own 
approaches  that  they  failed  to  see  troubles  because  of  their  belief 
that  the  goal  was  Just  over  the  next  mountain, 


The  ALPAC  Resort  caused  most  government  financing  to  be  withdrawn 
from  MT,  largely  because  |t  was  felt  that  MT  was  too  expensive  as 
human  translators  could  do  the  Job  more  cheaply.  Since  the  ALPAC 
Report  C1966],  researchers  have  made  considerable  strides  In  the 
development  cf  a  theory  of  natural  language  understanding  (for 
discussion  of  this*  see  J,  Mey  C197»33)  (  The  Impetus  for  these  has 
been  provided  by  the  growth  of  tlme-sharud  computer  systems  that 
permit  on-line  dialogues  between  man  and  machine,  The  desire  to  use 
natura  language  as  the  medium  pf  c0mmun I  cat  1 0n  In  these  DrnJects  has 
necessitated  the  development  of  a  sufficiently  rich  forma!  structure 
that,  can  represent  the  conceptual  content  of  each  natural  language 
sentence  typed  Into  the  machine,  Most  Importantly,  these  formal 
structures  have  been  built  to  handle  linguistic  Input  at  a  higher 
level  than  that  0f  sentences,  and  In  conjunction  with  memory  of 
earlier  Input,  and  the  long-term  memory  of  the  computer  model.  One 
aim  of  these  Interlingual  formal  models  has  been  that  Inferences, 
logical  operations  and  Implications  may  work  In  conjunction  with  the 
analyzed  content  of  an  utterance  so  as  to  establish  the  Intent  of  the 
utterance  and  Its  affect  on  the  memory,  It  was  found  by  a  number  of 
researchers  that  formal  Interlingual  structures  could  be  made  to 
direct  language  analysis  so  as  to  eliminate  previous  reliance  on 
syntactic  analysis,  and  replace  It  wjth  a  more  heuristic  approach  to 
sentence  structure. 

We  propose  using  some  of  the  approaches  that  have  recently  been 
developed  for  dealing  with  computational  linguistic  and  formal 
linguistic  and  formal  logical  problems  |n  order  to  enrloh  the 
emerging  theory  of  huma.i  language  understanding  and  generation,  and 
to  aoply  these  theoretical  and  practical  advances  t0  the  problem  of 
translating  languages  by  computer,  For  example,  we  would  combine  the 
approaches  of  the  following:  (1)  John  McCarthy's  suggestions  for 
the  construction  0f  a  logic-based  Intermediate  language  between 
source  language  <s>  and  target  language  (T),  (2)  Schenk's  system  of 
representing  semantic  structure  based  on  an  Interlingual  vocabulary 
and  a  system  of  dependency  relations,  (3)  the  English-French  MT  work 
of  Shi |  lan  and  Ruther  ord  based  on  a  theory  of  phrase-f or*phras# 
translation,  (4)  Wl|ks'  system  of  semantic  structure  representation 
using  a  mixture  of  dependency  and  phrase-structure  rules  ranging  over 
semantic  objects,  a  number  of  parallels  a<<d  contrasts  between  these 
approacl.es  could  be  explored,  but  what  Is  most  Important  is  that  they 
all  sharo  certain  assumptions,  namely  that  conventional  grammatical 
aialysls  Is  not  fundamental,  wnereas  some  Intermediate  and 
Interlingual  representation  between  S  and  T  Is,  so  then  It  Is 
proposed  to  make  a  new  attack  on  the  MT  problem,  Using  an 
Interlingua  to  detect  and  transform  semantic  content,  thus  the 
approach  will  be,  from  the  start,  |n  principle  Interlingual  though 
the  Inltla1  system  set  up  w|i|  be  oetween  two  languages  only— 
English  and  French, 

Intsrllnguas  for  MT  can  be  of  two  kinds: 
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<A>  Ax  |  omat  I  zed  formal  systems  wltn  separate  rules  to  fit  t.s* 
fO’-iru!.,  generate.-  by  th.  system  to  som,  gi°en  natural  l.njuaos 

yi  ^a5t*rm,n*Parksr  Rhodes  semantic  or oduct- latt I ce  system  was  nr 
this  Intermediate  "Progr  ess  I  on  Calculus"  to  conn.Jt  sub!””Te«  o 
the  deep  semantic  system  to  seoments  of  surface  structure, 

!t  cannot  be  decided  a  priori  that  to  solve  the  natural  fit  n,Ahi. 

15al^iiealof  WiHa?UCh  Sa,CUli  18  »mP°ss»b|e.  Nonetheless,  after 

.  *  . _  •  .  i  rial  and  error,  the  Cambridge  Language  Research  Unit 

decided  to  Implement,  In  a  contract  for  the  Canadian  oowammant 
system  w|th  an  Interlingua  of  type  (B)  below  initially  «  *  a 

x 

!n;,rco::";!„9  xxix.  eivx't  *nd 
jsn.  xxsx.  WwirS?  H.  SR 

5;S:  -  —  S!..?  hx-xx 

Mxswxsras 

can  be  slmpfer  and  more  rapid  since  the  paradigm  |s  much  ihLt!?* 

-  ?k*“S  i:  x:.:!^r:hr:x,;:\r;;x"  < ,  > 

»n»i;;.!he  only  s,"ant,c  "°rk  «<•  XuS.?;  sir;h5. 

c^r^"  Ki:;,15l^rtunj:rjx2u::ji:B.^tt!r:.s  x 

patterns  that  c.n  b.  transfsrr.d  from  ons  |.n««”  UanXher  Xll 
work  has  been  on  th,  ssm.ntle  dlscourss  atructur.  ef  oljiglllhs  IX 
has  Imposed  semantic  patterns,  or  templates,  onto  th! 
coded  text.  Its  most  general  assumption  has  been  that  It  la  ?hd 

ldn??h  W*8  lan9u*98'  applying  over  the  longest  La  lab  !  t Ixt 

length,  that  are  genuinely  I nter l I nou« i i  ™  BD!"  *8Xt 

Si r  x  aroxxr  r’Sr?:3: 

sxrds^thX  si  s,i?sTu,?.t:u»rss  us*a  *r*  ,n,,it*biy  bi«*‘ 

ss  to  Integrate  .  syst.m  that  „t lilies  .IXStll  XtSM*.;*::!;:!.:? 
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the  Interlingual  content  of  a  D|ece  of  discourse,  The  possibility 
of  utilizing  networks  oy  conjunction  with  certain  associative 
criteria  and  properties  of  a  general  memu.y  structure  to  establish 
the  Tearing  ot  the  speaker  as  opposed  to  the  meaning  of  the  sentence 
Is  currently  being  Investigated  by  Schank.  Presumably  the  entire 
procedure  can  be  combined  with  certain  high  level  logical  operations 
In  order  to  create  a  *!na|  representation  that  could  serve  as  the 
starting  point  of  a  generation  routine  for  natural  languags,  A  major 
goal  of  th|s  project,  therefore#  for  those  mathematical-  Interlingua 
oriented#  but  who  have  become  practically  wary#  Is  to  develop 
Interlingual  systems  that  are  formally  and  algorithmically 
Interesting,  yet  which  can  have  natural  language  dictionaries  made 
for  tnem  In  a  simple  and  straightforward  manner,  The  stress  should 
not  be  on  contrast  and  comparison  between  the  constituent  approaches 
to  this  proposed  project,  but  or.  the  degree  to  which  the  different 
approaches  complement  one  another,  and  supply  elements  missing  In  the 
other  s , 
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1.3  INTERACTION  WITH  THE  PHYSICAL  WORLD 

Computer  vision  In  tbs  three-dimensional  world  and  manipulation  with 
mechanical  arms  continues  to  be  a  central  Interest  of  the  project, 
Speech  recognition  reseach  continues  at  a  modest  level, 

1,3,1  Hand-Eye  Research  (Thomas  Blnford,  Jerome  Feldman,  Alan 

Kay) , 

In  our  research  we  aim  to  develop  the  ability  to  see  and  manipulate 
In  simple  Industrial  situations,  These  simple  problems  are  beyond 
our  abilities  now,  but  we  expect  modest  gains  In  the  next  two  years 
which  w|||  stimulate  use  of  newly  available  hardware,  Mechanical 
arms  now  have  a  place  In  Industry)  touch  sensing  and  computer  control 
have  potential  advantages  In  extending  versatility,  We  anticipate 
the  time  when  It  will  be  simpler  and  cheaper  to  use  a  general  purpose 
device  than  to  make  special  purpose  machines,  Just  as  computers  have 
replaced  many  special  Purpose  control  devices. 

Visual  perception  solutions  have  applications  >n  advancing  the 
capabilities  of  computer  systems,  by  making  easier  communication  with 
computers,  and  as  visual Izatj  n  tools  In  problem  solvlp-  and  natural 
language, 

Arm  and  eye  modules  are  sufficiently  standard  that  a  handful  of 
people  use  them  routinely,  The  Hand/Eye  submonitor  Cl]  coordinates 
about  7  cooperating  Jobs  (there  w| | |  be  3  or  4  more  soon)  which 
communicate  by  message  procedures  and  a  global  model  In  the  common 
upper  segment,  An  ALGOL  style  language  SAIL,  Implemented  by  Robert 
Sprout  I  and  Dan  Swlnehart  C2,33  Is  In  general  use  by  the  Hand/Eye 
group  and  others  at  the  project, 

A  user  package  for  the  arm  has  made  It  widely  available,  and 
generalized  manipulation  procedures  and  Improved  solutions  have 
stimulated  extensive  us*  of  the  arm,  A  new  arm  has  been  constructed 
and  ooerated  C4],  a  dynamic  trajectory  servo  C5 3  using  a  Newtonian 
mechanics  model  has  operated  the  new  arm,  Non-| Inear  calibration,  a 
user  package  for  the  new  arm,  and  obstacle  avoidance  w|j|  be  done  in 
the  first  half  of  1971, 

The  visual  system  Is  distinguished  by  automatic  sensor  accommodation 
as  an  integral  part  of  the  recognition  process  [5],  An  edge  follower 
has  been  written  whjch  uses  automatic  accommodation  to  enhanoe  Its 
dynamic  range  and  selectivity  [7],  Camera  calibration  [8]  converts 
pan  and  t|lt  of  the  camera  to  space  angles  and  positions  on  the 
support  plane,  Color  Identification  routines  have  been  written  by 
Tenenbaum  C 6 3  and  B|nford,  The  SIMPLE  body  recognizer  C 9 3  Identifies 
Isolated  objects  from  their  outlines,  The  COMPLEX  body  rioognlzer 
[5j  Is  designed  for  Incomplete  edge  information  and  Incorporates 
prediction  and  verification  teohnloues  for  missing  edges,  G,  Grape 
[10]  le  developing  an  Improved  program  for  organization  of  line 
drawings  from  raw  edge  data,  using  edge  prediction  and  verification, 
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Jn  order  to  develop  and  test  the  system  and  to  standardize  the 
Independent  modules*  the  task  of  "Instant  Insanity”,  a  puzzle 
Involving  colored  cubes*  was  successfully  carried  out,  The  strategy 
Job  was  the  work  of  Bob  Sproull*  Jerry  Feldman  and  Alan  Kay, 

Ue  propose  to  work  toward  understanding  of  mors  complex  objects  In 
more  complex  scenes,  such  as  tools  on  a  workbench  or  outdoor  scenes, 
Many  scenes  w|l|  be  too  complex,  Over  the  course  of  two  years  we 
will  use  new  visual  functions,  organize  the  scene  In  new  levels*  and 
use  a  repesentalon  of  complex  objects*  we  will  Incorporate  these 
modules  In  a  goa I -or  I ented  system  which  coordinates  them, 

We  will  make  a  region  finder  which  uses  color.  The  new  function 
color  permits  a  new  level  of  organization?  regions  of  homogeneous 
brightness  In  three  colors  wl|l  be  grouped  Into  super-region?  of 
uniform  color,  We  w|||  benefit  from  the  use  of  color  even  with  a 
primitive  color  Perception,  What  Is  needed  Is  a  fundamental 
understanding  of  color  perception,  color  constancy.  We  have  none  In 
sight, 

We  will  organize  color  super-  regions  Into  higher  super-regions  by 
proximity  In  space  and  color,  Color  super-regions  are  defined  by 
connectivity:  the  set  of  points  wltn  a  nearest  neighbor  having  the 
same  property.  In  very  simple  scenes  of  objects  with  uniform  faces, 
region-oriented  or  edge-oriented  processors  are  adequate,  But  when  we 
look  out  a  window,  we  see  sky,  trees  and  grass,  In  none  of  these 
areas  will  regions  baaed  on  contlngulty  enable  us  to  describe  that 
area  as  a  unit,  We  see  patches  of  fresh  green  among  brown  clay  or 
old  grass,  Patch«s  of  sky  show  through  the  trees,  Patches  of  blue 
In  the  sky  are  separated  by  clouds,  If  we  group  together  the  color 
super-res  I ons  Into  higher  super-regions  based  on  proximity  |n 
position  and  co|or,  l.e,,  we  group  regions  which  are  nearby  but  not 
connected,  we  describe  that  outdoor  scene  In  terms  of  t  few  main 
parts?  clouds,  sky,  grass,  earth,  trees,  3ome  of  which  overlap.  We 
have  added  another  level  of  organization  that  In  some  cases  can  make 
sense  of  what  appeared  a  jumble, 

We  will  criticize  the  super-regions  according  to  how  they  simplify 
the  scene,  We  w|||  find  relations  within  the  super-regions  and 
relations  among  the  super-regions,  We  require  many  levels  of 
organization,  Grouping  based  on  some  similarity?  sub-grouping  based 
on  alfferences.  Group  Into  super-regions  based  on  proximity  In  space 
and  some  attribute  (or  vector  of  attributes). 

We  will  form  super-regions  based  on  proxlm'ty  In  space  and  shape, 
size  and  directionality,  We  suggest  that  we  can  organize  simple 
textures,  The  natural  language  description  of  texture  seems  a 
reasonable  representation?  the  set  of  texture  elements  and  the 
geometric  relations  amon9  them,  As  texture  ejements  we  can  work  w|th 
lines  and  blobs  (whose  shape  we  can  describe,  perhaps  In  a  primitive 
way  now),  we  seek  to  Isolate  repeated  elements,  Relations  among 
repeated  elements  w|ii  be  examined,  This  w|l|  be  a  mu|tj-!eve| 
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oroeess  n  which  the  finding  of  some  relations  wl | |  help  !n 
•stabl  shlng  others,  Dealing  with  profiles  of  linear  textures,  E 
primitive  Program  with  that  structure  was  able  to  describe  the 
textures  CWolfe  and  Blnford],  There  are  three  basic  operations 
Involved.  finding  spatial  features,  two-dimensional  shape 
description,  and  organization  of  features,  We  can  do  each  operation 
well  enough  on  simple  cases  to  make  progress  by  combining  them, 

If  we  were  to  organize  by  proximity  using  usual  "clustering"  methods, 
the  cost  would  be  prohibitive,  These  methods  rely  on  computing 
distances  from  an  element  to  a||  other  elements,  Even  |f  we  were  to 
factor  the  problem  Into  a  two-dimensional  problem  Plus  a  search 
search  for  a  match  among  regions  nearby  m  space,  or  search  among 

k!.K??!0rS  f0r  re9,ons  nearby  In  space),  the  cost  would  be 
prohibitive,  A  technical  aid  to  organization  Is  the  use  of  proximity 
In  n-spaoe,  This  can  be  Implemented  at  reasonable  cost  In  computation 
and  storage  oy  the  technique  or  multi-  entry  coding  [Blnford],  In 
the  example  of  color  super-regions,  we  Implied  proximity  In  a 
f  our-d  irons  |  one  |  space  (two  color  dimensions  and  trio  spatial 
dimensions).  In  us|ng  other  attributes  we  work  with  Jlmllar 
h  |  gh-d  lirens  |  ona  |  spaces,  This  Is  a  reasonable  extension  of  the 
region-oriented  structure  In  that  the  cost  is  s|  Ignt  when  the  scene 
Is  adequately  described  by  region-growing  or  edge-finding  techniques, 
for  then  there  are  few  regions  and  |ltt|e  effort  |s  involved  In 
proximity  among  the  regions,  The  cases  where  higher  level 

°rga"  ?n  C08ts  somethln0  those  cases  which  could  not  be 
hand  I  ed  bef  ore , 

We  warn  against  the  Illusion  that  the  visual  problem  wl||  bn  solved 
by  one  technique.  For  each  new  facility  we  will  have  "counter¬ 
examples  ,  problems  It  cannot  overcome,  But  we  greatly  Increase  the 

set  of  problems  which  are  routine  for  the  system  which  Includes  that 
•  Bel  I  I  « y  • 


We  w|l|  form  representations  of  complex  objects,  McCarthy  C123  has 
emphasized  representation  theory  as  primary  In  problem-solving,  We 
require  a  good  representation  as  a  compact  heuristic  base,  a  source 

°l  *?ur  *1 ,CSu  wh|ch  prevents  random  accumulation  and  mutual 
8"\We  C^°SB  repre*antat I ons  which  are  three-dimensional  and 

euuins  *na  jo,nina 

We  w|||  use  stereo  correlation  to  obtain  motion  parallax  and 

:;:^h°rd/,^k?r0und  ?!P!ra*lon  ln,8tepeo  images,  AS  emphasized  by 
McCarthy,  this  Is  a  method  of  overall  characterization  of  the  scene, 

separating  the  soon*  |nto  potentially  significant  areas,  There  are 
some  simple  cases: 

(a)  with  camera  motion  or  small  angle  stereo,  a||  disparities 
are  sma I  |  J 

(b)  the  distant  parts  of  the  scene  have  small  disparity! 

(c)  disparity  of  ground  or  floor  can  be  approximately 
predicted,  traced  by  continuity, 


IS 


Color  and  other  properties  (for  example,  the  "energy",  a  miasure  of 
contrast)  narrow  the  range  of  search,  A  good  starting  place  for  many 
objects  Is  the  assumption  that  tliey  rest  on  the  ground, 

We  will  use  depth  Information  In  the  shape  representation,  Stereo 
correlation  provides  a  depth  mapping.  We  can  use  the  shape  repre¬ 
sentation  t°  build  up  a  model  of  the  object.  We  w|||  also  use  the 
representation  to  organize  data  from  a  direct-ranging  experiment  by 
tr I angu I  at  1  on , 

We  will  use  visual  feedback  In  a  variety  of  ways  to  control  the  arm, 
Immea i ate  I y,  we  w|l|  control  stacking  clocks  and  putting  a  sauare  pin 
through  a  square  hole, 

As  our  visual  facilities  become  stronger,  we  will  use  visual  feedback 
In  tracking  the  hand,  screwing  a  bo|t  Into  a  nut,  and  picking  up 
blob-  type  objects, 
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1.3,2  Speech  Recognition  (Arthur  Samuel) 


Work  on  speech  recognition  In  the  Stanford  A. I,  Project  was  slowed  by 
the  departure  of  Pr0f,  Reddy  and  by  the  gradual  completion  of 
be!nu  ®arr,ed  on  by  h*s  students.  Studies  by  Or,  George 
**  J2)  and  by  Dr,  Hort  Astrahan  (1)  have,  however,  pointed  to  a 
slight  y  new  direction  that  our  speech  work  can  take.  Impetus  has 

*  s?nht0  th  !  WOrk  by  rec8nt  extensions  of  Or,  Astrahan's  work 
by  Ken  Sleberz  and  by  some  new  Ideas  wnlch  this  work  has  prompted, 


Gary  Goodman  Is  continuing  his  thesis  research  on  a  syntax-contro  |  |  ed 
speech  recognition  system,  it  Is  anticipated  that  several  first  year 
graduate  students  w|l|  undertake  studies  related  to  speech 
recognition, 
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1,4  HEURISTICS 


1,4,1  Machine  Learning  (Arthur  Samuel) 

Work  Is  continuing  on  the  checker  program  with  continued  help  from 
K,D,  Ha.ieon,  A  major  reprogramming  effort  has  just  been  completed  to 
reduce  the  oore  and  disk  storage  requirements  of  the  program  whloh 
had  gotten  comolete|y  out  of  hand,  The  playing  program  has  been 
speeded  up  and  It  now  uses  35K  of  core  as  compared  with  earlier 
requirements  of  55K,  The  disk  requirements  have  been  reduced  by 
rather  more  than  a  factor  of  2,  At  the  same  t|me  the  book  game 
storage  techniques  have  been  altered  to  permit  the  storage  of  end 
game  situations  which  could  not  previously  be  saved,  Mr,  Hanson  has 
nearly  completed  the  Insertion  and  editing  of  3  books  of  end  game 
play  to  be  used  by  the  learning  program,  Several  rather  drastic 
modifications  of  the  program  are  now  under  consideration,  since  each 
of  these  would  require  a  major  programming  effort,  an  attempt  Is 
being  made  to  evaluate  the  potential  usefulness  of  the  different 
schemes  before  actually  starting  the  programming, 

The  Go  program  now  plays  a  better  game  than  the  beginning  human 
player,  Work  Is  continuing  on  development  c*  an  evaluation  function 
capable  of  handling  a | I  stages  of  the  game,  Difficulties  arise  from 
the  Inherent  complexity  of  Go  and  from  the  vast  differences  In 
objectives  at  different  times  during  the  game,  A  straightforward 
pattern-recognition  learning  scheme  Is  expected  to  be  working  soon  to 
help  the  program  |n  exact  placement  of  stones,  Considerable  success 
has  been  observed  from  substituting  a  local  lookahead  technique  for 
the  more  usual  generation  and  search  of  a  (global)  move  tree.  The 
local  lookahead  Is  Initiated  at  points  on  the  board  which  seem  to  be 
critical  to  the  position  as  a  whole,  so  this  technique  can  be 
considered  a  spec | a | -pur pose  pruning  heuristic  for  trees  with  very 
large  branching  factor. 


1,4,2  Automatic  Deduction  (David  C,  Luckham) 

Recently,  the  interactive  resolution  theorem-proving  program  has  been 
extended  and  Improved.  The  program  and  Its  applications  to  basic 
axiomatic  mathematics  is  discussed  In  [ | ,  2,  3D,  Improvements,  for 
example.  In  the  algorithm  for  the  replacement  rule  for  equality 
(Paramcdulatlon  C 4 3 )  have  led  to  furtner  successful  experiments  In 
which  dependencies  between  axioms  In  Marshall  Hu||'s  third 
ax  I omat | tat | on  of  Group  Theory  [5,  D,  63  have  been  found,  The 
program  |s  being  used  to  search  for  proofs  of  theorems  of  ourr^nt 
researoh  Interest  In  several  different  axiomatic  theories,  Other 
Improvements  Include  (|)  the  extension  0,'  the  Input  language  to 
many-sorted  logic,  and  (II)  the  facility  for  using  natural  models  (by 
this  we  mean  the  sopt  of  relational  structures  that  occur  In  everyday 
use,  e , g ,  a  multiplication  table  for  a  finite  group,  or  an 
arrangement  of  objects  In  a  room)  In  the  model  relative  deduotjon 
strategy,  In  addition  to  experiments  |n  theorem-proving,  the  program 
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1*  currently  beln9  Incorporated  Into  some  computer-aided  Instruction 
programs  at  the  Stanford  Institute  for  Mathematical  Studies  In  the 
Social  Sciences,  The  objective  here  Is  to  Increase  the  flexibility 
of  the  Instructional  programs  for  high  school  mathematics  by 
extending  the  logical  Inference  system  to  which  the  student  must 
eonf orm, 


One  of  the  obvious  weaknesses  of  the  theorem-proving  program  Is  the 
lack  of  editing  strategies  [13  to  eliminate  the  large  number  of 
trivial  deductions  which  cannot  be  excluded  on  purely  logleal 
grounds.  Such  deductions  are  trivial  In  the  context  of  the  problem 
at  hand*  but  not  |n  every  context,  It  Is  therefore  necessary  to 
develop  strategies  of  a  "semantic"  nature  for  specialized  problem 
domains,  to  do  this  sort  of  editing,  Me  have  experimented  wjth 
methods  for  using  natural  models  for  tn|s  purpose,  However,  It  turns 
out  that  the  use  of  anything  but  the  most  trivial  structures  Involves 
a  heavy  cost  In  computation  time,  generally  because  the  evaluation  of 
satisfiability  relative  to  a  structure  Is  a  lengthy  process  (even  for 
many-sorted  models),  It  now  appears  that  such  editing  applications 
can  be  acnleved  by  working  with  operators  on  (partial)  descriptions 
of  models,  (For  the  purpose  of  this  discussion,  a  partial 
description  of  a  mode)  Is  a  specification  of  some  of  those  statements 
that  are  true  of  the  model  and  some  of  the  statements  that  are 
false),  Preliminary  experiments  show  that  problems  to  do  with  the 
Advice  Taker  Project  C63  or  correctness  of  computer  progams  are 
fruitful  areas  In  which  to  apply  these  strategies, 


In  addition 
other  | | nes 
f o I  lowing, 

(  I ) 


(ID 


(III) 


to  the  development  of  the  semantic  editing  strategies, 
of  research  currently  be|ng  pursued  Include  the 

Addition  of  a  procedure  for  question  answering,  It  has 
recently  been  shown  that  the  procedure  C73  constructs 
Interpolation  formulas  |n  the  sense  of  [8], 

Construction  of  a  system  for  checking  proofs  of  proper¬ 
ties  of  computer  programs,  where  the  proofs  are  given 
In  a  form  similar  to  that  described  In  [9], 

Experiments  with  the  reduction  of  second  order  proof 
provability  within  two-sorted  first-order  theor  I  es[103 , 
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1,5  Mathematical  Theory  of  Computation  (Robert  F|oyd»  ^onald 
Knuth,  Hohar  Manna*  John  McCarthy) 

1,5,1  Recent  Research 

Substantial  worh  has  been  done  In  developing  techniques,  using  the 
methods  of  Floyd  and  Manna,  for  proving  properties  of  algorithms, 
Conslderlrg  the  Increased  Interest  In  the  class  of  parallel 
algorithms,  Ashcroft  and  Manna  (1970)  have  extended  these  techniques 
for  simple  parallel  Programs,  Although  the  programs  considered  are 
syntactically  s|m  'e,  they  do  exhibit  Interaction  between 
asynchronous  parallel  processes,  The  formalization  can  be  extended 
to  more  complicated  programs,  The  method  Is  based  on  a 
transformation  of  Parallel  progams  Into  non-determ  I n I st I c  programs, 
the  properties  of  which  have  been  formalized  In  Manna  (1970a),  The 
non-determl n | st | c  Programs  are  In  general  much  larger  than  the 
parallel  programs  they  correspond  to,  A  simplification  method  Is 
therefore  presented  which,  for  a  given  parallel  program,  allows  the 
instruction  of  a  simple  equivalent  parallel  program,  whose 
corresponding  non-determ  I n i st I c  program  |s  of  reasonable  size. 
Further  research  |s  proceeding,  emphasizing  practical  applications  In 
such  areas  as  time-sharing  and  mu  1 1 1 -process  I ng. 

Manna  (1070b)  demonstrates  conclusively  that  all  properties  regularly 
observed  In  programs  (deterministic  or  non-determ  I  n I st  I  c )  can  ba 
formulated  In  terms  of  a  formalization  of  ‘partial  correctness', 
Ashcroft  (1970)  ‘explains'  this  by  formulating  the  notion  of  an 
Intuitively  'adequate'  definition  (In  predloate  calculus)  of  the 
semantics  of  a  language  or  a  program.  He  shows  the  relationship 
between  a  formalization  or  Partial  cori wetness  of  a  program  and  an 
‘adequate*  logical  definition  of  Its  semantics,  These  two  works  give 
a  general  theory  unifying  the  various  logical  approaches  Inoludjng 
those  of  burstall,  Cooper,  Floyd,  and  Manna, 

Manna  und  McCarthy  (1970)  formalize  properties  of  L I  so  —  like  programs 
using  Partial  funct|on  logic,  whers  the  partial  funotlons  occurring 
In  the  formulas  are  oxact|y  those  computed  by  the  programs,  They 
distinguish  between  two  types  of  computation  rules  --  sequential  and 
parallel,  McCarthy  is  trying  to  further  develop  axiomatic  theories 
to  handle  'undefinedness'  In  a  natural  way,  Among  other  things,  It 
may  avoid  paradoxical  statements. 

Igarashi  (1970)  has  deveiooed  axiomatic  methods  for  the  semantics  of 
A | go  I  - 1  Ike  languages,  mainly  based  on  nls  earlier  studies,  but 
allowing  the  methods  of  Floyd  to  be  carried  out  wlthjn  the  formalism, 
A  rratathaorem  Is  Included  which  can  he  Interpreted  as  a  proof  of 
correctness  of  a  conceptual  compiler  for  the  programs  treated  by  the 
f  orrra  I  I  sm, 

Manna  and  Waldlnger  (1970)  outlined  a  theorem-proving  program 
approach  to  automatic  program  synthesis,  *r  order  to  construct  a 
program  satisfying  certain  specifications,  a  theorem  Induced  uy  those 
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specifications  Is  proved*  and  the  desired  program  is  extracted  from 
the  proof,  The  use  of  the  Induction  principle  to  construct  programs 
with  recursion  Is  explored  In  some  detail, 

Othor  theoretical  research  In  progress  Is  mainly  orientated  towards 
practical  applications,  For  example*  Ashcroft*  Hanna  and  Fnue|!  h'Ve 
uxtended  the  class  of  schemas  for  which  various  properties  are 
decidable,  (These  results  give  the  decidability  of  the  equivalence 
problem  for  lanov  schemas  as  a  trivial  case),  Other  work*  by 
graduate  students*  Is  directed  towards  finding  more  powerful  methods 
of  proving  equivalence  of  programs  (Ness),  detecting  parallelism  in 
sequential  programs  (Cadlou)*  and  proving  correctness  of  translators 
(Morris), 

Currently  our  main  emphasis  Is  on  preliminary  studies  for  the 
construction  of  an  Interactive  verification  system.  He  w|sh  to 
develop  a  practical  system  for  proving  programs  correct  that  will  be 
powerful  enough  to  handle  real  programs, 

1,5.2  Proposed  Research 

In  the  following  we  outline  several  research  topics  that  we  wish  to 
undertake  In  the  near  future.  Note  that  most  of  these  topics  are 
already  being  actively  pursued, 

1,  To  develop  further  the  theory  of  equivalence,  termination  and 

correctness  of  computer  programs, 

2,  To  develop  further  the  theory  of  semantic  definition  of 

programming  languages,  the  formal  description  of  translation 
algorithms,  and  the  correctness  of  compilers, 

3,  To  try  to  develop  a  theory  of  parallel  processes  adequate  to 
prove  their  correctness  and  especially  their  mutual 
non-|nterferenc«. 

4,  To  develop  a  formal  system  of  logic  In  whloh  proofs  of 

termination,  equivalence,  correctness*  and  non-interference  can  be 
conveniently  express, 

5,  To  pursue  whatever  new  theoretical  avenues  appear  likely  to 
contribute  to  the  goal  of  making  checkout  by  proving  correctness 
pract leal, 

6,  As  soon  as  possible*  Stanford  graduate  students  |n  computer 
science  will  be  asked  to  prove  some  of  their  programs  correot  as 
part  of  their  course  work  so  as  to  check  out  the  techniques 
developed, 
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1,6  Representation  Theory  (John  McCarthy) 

McCarthy  will  continue  hla  Investigations  of  ways  of  formally 
describing  situations,  laws  giving  the  effects  of  aotlons,  and  laws 
of  motion,  New  ax | omat I zat I ons  of  knowledge  and  "can"  are  In  the 


Recent  developments  Include  work  performed  during  a  v|s|t  to 
by  Er.k  Sandewafl  of  Uppsala  University  on  expressing 
language  Information  In  predicate  calculus  C13  and  work  by 
on  languages  In  which  not  all  sentences  have  truth  values. 


Stanford 

natural 

McCarthy 


Recent  work  |n  mathematical  theory  of  computation  by  McCarthy, 
Ashcroft,  and  Manna  on  parallel  and  Indeterminate  computations  and 
the  correctness  of  non-halting  programs  has  a  direct  application  to 
representation  theory  because  |t  permits  proofs  of  oorreotnass  of 
strategies  while  processes  other  than  the  activity  of  the  machine  are 
going  on,  The  proof  checker  development  under  the  Mathematical 
Theory  of  Computation  project  w|||  also  promote  this. 


In  the  next  period,  work  |n  representation  theory  w|||  be  carried  out 
by  McCarthy,  Patrick  Hayes,  possibly  David  Luckham,  and  by  graduate 
students. 
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1,7  COMPUTER  SIMULATION  OF  BELIEF  SYSTEMS  CKenneth  Colby#  Frank 
HI  If,  Malcolm  Newey,  Roflar  Schank,  Dave  Smith*  Larry 
Tesler#  and  Sylvia  WeoerT 


Kanneth  Mark  Colby,  M.D,,  who  Is  a  Senior  Research  Associate  In  the 
Computer  Science  Department,  terminated  his  private  practice  of 
psychiatry  to  devote  full  time  to  Investigations  In  this  area  of 
computer  simulation,  The  National  Institute  of  Mental  Health 
sponsored  two  projects  under  Ur.  Colby's  direction,  One  of  these  Is 
a  Research  Career  Award  and  the  other  Is  a  research  project  which 
continues  the  Investigations  In  which  his  group  has  been  engaged  for 
the  past  seven  years. 


Introduction  and  Specific  Alms 

The  clinical  problems  of  psychopathology  and  psychotherapy  require 
further  Investigation  since  so  little  Is  known  about  their  essential 
processes,  Some  of  this  ignorance  stems  from  a  lack  at  a  basic 
science  level  of  dependable  knowledge  regarding  higher  mental 
processes  such  as  cognition  and  affect,  The  research  of  the  project 
attempts  to  approach  both  the  clinical  and  basic  science  problems 
from  the  viewpoint  of  Information-processing  models  and  computer 
simulation  techniques,  This  viewpoint  Is  exemplified  by  current  work 
In  the  fields  of  cognitive  theory#  attitude  change#  belief  systems, 
computer  simulation  and  artificial  Intelligence, 

The  rationale  of  our  approach  to  these  clinical  problems  lies  In  a 
conceptualization  of  them  as  Information-processing  problems 
Involving  higher  mental  functions,  Computer  concepts  and  techniques 
are  appropriate  to  th|s  level  of  conceptualization.  Their  success  In 
other  sciences  would  lead  one  to  expect  they  might  be  of  aid  In  the 
areas  of  psychopathology  and  psyohotheraoy , 

The  specific  alms  of  this  project  relate  to  a  long-term  goal  of 
developing  more  satisfactory  explicit  theories  and  models  of 
psychopatho  |  og I ca  I  processes.  The  models  can  then  be  experimented 
with  In  ways  which  cannot  be  carried  out  on  actual  patients. 
Knowledge  gained  |n  this  manner  can  then  be  applied  to  cllnloal 
situations. 


Methods  of  Procedure 

We  have  now  gained  considerable  experience  with  methods  for  writing 
programs  of  two  types.  The  first  type  ot  program  represents  a 
computer  model  of  an  Individual  person's  belief  system,  We  have 
constructed  two  versions  of  a  model  of  an  actual  patient  In 
psychotherapy  and  we  are  currently  writing  programs  which  simulate 
the  belief  systems  of  two  normal  Individuals,  We  have  also 
constructed  a  model  of  a  pathological  belief  system  In  the  form  of  an 


24 


artificial  paranoia.  A  second  type  of  program  represents  an 
Interviewing  program  which  attempts  to  conduct  an  on-line  dialogue 
Intended  to  collect  data  regarding  an  Individual's  Interpersonal 
relations,  He  have  written  two  such  Intevlewlng  programs  and  at 
present  we  are  collaborating  with  psychiatrists  In  writing  a  program 
which  can  eonduct  a  diagnostic  psychiatric  Interview, 

A  computer  model  of  a  belief  system  consists  of  a  large  data-base  and 
procedures  for  processing  the  Information  It  contains,  Tho  data-base 
consists  of  eoncepts  and  beliefs  organized  In  a  structure  which 
represents  an  Individual's  conceptualization  of  himself  and  other 
persons  of  Importance  to  him  In  h|s  life  space,  This  data  Is 
collected  from  each  Individual  Informant  by  Interview,  verification 
of  the  model  Is  also  carried  out  In  Interviews  In  which  the  Informant 
Is  asked  to  confirm  or  dlsconflrm  the  outcome  of  experiments  on  the 
particular  mcdei  which  represents  h|s  oellef  system.  Because  of  the 
well-known  effects  of  human  Interviewer  bias,  the  process  of 
data-col lection  and  verifications  should  Ideally  be  carried  out  by 
on-line  man-machine  dialogues  and  this  Is  a  major  reason  for  our 
attempt  to  write  interviewing  programs,  However,  the  difficulties 
In  machine  utilization  of  natural  ianguage  remain  great  and  until 
this  problem  Is  reduced  we  must  use  human  Interviewers, 

He  have  written  one  type  of  therapeutic  Interactive  program  which  Is 
designed  to  aid  language  development  In  nonspeaking  autistic 
children.  He  have  used  It  for  the  past  two  years  on  eighteen 
children  with  considerable  success  <80%  linguistic  Improvements),  He 
Intend  to  continue  using  this  program  and  to  Instruct  professionals 
In  psychiatry  and  speech  therapy  In  how  to  write,  operate  and  Improve 
such  therapy  programs  for  specific  conditions, 


Significance  of  this  Research 

This  research  has  significance  for  the  psychiatric,  behavioral  and 
computer  sciences. 

Psychiatry  lacks  satisfactory  classifications  and  explanations  of 
psychopathology,  we  feel  these  problems  should  be  conceptualized  In 
terms  of  pathological  belief  systems.  Data  collection  in 
psychiatry  Is  performed  by  humans  whose  Interactive  effects  are 
believed  to  account  for  a  large  percentage  of  the  unreliability  In 
psychiatric  diagnosis,  Diagnostic  Interviewing  should  ideal ( y  be 
conducted  by  computer  programs,  Finally,  the  process  and  mechanisms 
of  psyohotherapy  are  not  well  understood,  Since  experimentation  on 
computer  models  Is  more  feas|o|e  and  controllable  than 
experimentation  on  patients,  this  approach  may  contribute  to  our 
understanding  of  psychotherapy  as  an  Information-processing  problem. 

It  Is  estimated  that  90%  of  the  data  collected  In  the  behavioral 
sciences  Is  collected  through  Interviews,  Again,  a  great  deal  of  the 
variance  should  be  reduced  by  having  consistent  programs  conduct 


Interviews,  Also*  this  research  has  significance  for  cognitive 
theory*  attitude  change  and  social  psychology. 

Computer  science  |s  concerned  with  problems  of  man-machine  dialogue 
In  natural  language,  with  optimal  memory  organization  and  with  the 
search  problem  |n  large  data-str uctures ,  This  research  bears  on 
these  problems  as  well  as  on  a  crucial  problem  In  artificial 
Intelligence,  l.e.,  Inductive  Inference  by  Intelligent  machines. 


Co  I  I aborat I  on 


we  are  collaborating  with  two  psychiatric  centers  for  disturbed 
children  and  a  local  V A  hospital,  Me  are  also  collaborating  w|th 
residents  In  the  Department  of  Psychiatry  and  with  graduate  students 
In  computer  science,  psychology,  education  and  electrical 
eng  I  near  I ng , 
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1,8  Facilities 


By  the  time  work  on  this  proposal  Is  to  be  Initiated  (1  July  1971) 
the  computer  facility  will  Include  the  following. 

Central  Processors!  Digital  Equipment  Corporation  PDP-10  and  PDP-6 

Primary  Store!  65K  Words  of  DEC  Cor#  (2us) 

65K  Words  of  Ampex  Core  (lus) 

131K  words  of  new  core  (2us) 


Swapping  Store!  Llbrascope  disk  <5  million  words,  22  million 

bits/second  transfer  rate) 


FI le  Store: 


IBM  2314  disc  file  ( leased) 


Peripherals:  4  DEC  tape  drives,  2  Rug  tape  drives,  line 

printer,  Calcomp  plotter 

Terminals:  15  Teletypes,  6  III  displays,  1  ARDS  display, 

30  Data  Disc  displays,  3  ImlAC  remote  displays 

Special  Equipment:  Audio  Input  and  output  systems,  hand-eye 

equipment  (2  TV  cameras,  3  arms),  remote- 
control  I ed  cart 


1,8,1  Processors 

The  system  operates  about  23,5  hours  per  day  every  day  and  Is  heavily 
loaded  about  70%  of  this  time.  Lengthy  compute-bound  jobs  such  as 
computer  vision,  theorem-proving,  and  machine  learning  programs  often 
bog  down  during  hlgh-|oad  conditions  to  the  point  where  It  Is 
difficult  to  complete  segments  of  useful  size  In  as  much  as  an  hour. 
With  this  problem  |n  mind,  we  have  explored  alternative  ways  of 
Increasing  performance  and  concluded  that  the  most  productive 
approach  w|||  be  to  design  and  construct  a  special  processor  that  Is 
optimized  for  the  class  of  problem  we  are  dealing  with, 

Before  the  Initiation  of  the  proposal  period,  we  expect  to  have 
completed  the  design  of  the  new  processor,  submitted  It  to  ARPA  for 
review,  received  approval,  and  Initiated  fabrication,  Funds  already 
available  under  the  existing  contract  should  be  sufficient  to 
eomplete  this  project. 

In  the  event  that  the  design  does  not  materialize  In  a  timely  way  or 
that  this  project  Is  disapproved,  some  other  solution  to  the 
processing  bottleneck  w|||  be  needed.  All  known  alternatives  are  more 
expensive  and  would  exceed  available  funds,  The  budget  of  this 
proposal  assumes  that  the  new  processor  will  be  completed 
successful ly. 
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We  understand  that  one  of  the  conditions  for  final  approval  of  the 
new  processor  project  w| | |  be  that  50%  of  its  capacity  be  made 
available  to  other  participants  In  the  ARPA  net.  This  will  be 
acceptable)  however  If  the  external  usage  makes  substantial  demands 
on  other  system  elements  (e.g,  primary  or  secondary  storage)  It  may 
be  neoessary  to  supplement  these  facilities.  We  have  budgeted  no 
funds  for  this, 


1.8.2  Primary  Store 

We  expect  to  have  Procured  and  Installed  core  memory  by  the  beginning 
of  the  proposal  period)  using  funds  made  available  under  a  supplement 
to  this  contract  for  Mathematical  Theory  of  Computation,  It  may  be 
desirable  to  augment  th|9  memory  or  replace  some  of  the  less  reliable 
portions  subsequent  to  the  advent  of  the  new  processor) 

1.8.3  Swapping  Store 

The  Llbrascope  disc  file  crashed  some  time  agO)  destroying  half  Its 
capacity.  Since  the  system  Is  totally  dependent  on  this  unit  for 
efficient  operation,  It  Is  v<|nerab|e  to  another  crash,  On  behalf  of 
the  U.S,  Government,  Stanford  Is  pressing  a  claim  against  Llbrascope 
(a  division  of  Singer)  regarding  shortcomings  in  this  equipment,  It 
Is  hoped  that  there  w|||  be  sufficient  recovery  under  this  suit  to 
replace  the  disc  with  a  more  reliable  swapping  store. 

1.8.4  F|ie  Store 

Cost/performance  considerations  and  the  need  to  store  somewhat  more 
picture  Information  for  our  computer  vision  research  call  for 
replacement  of  the  8-d|sc  IBM  2314  file  (leased)  with  a  4-d|sc 
version  of  the  IBM  3330  (also  leased), 

1.8.5  ker I oheral s 

«*•  — 

Existing  peripherals  appear  to  be  adequate  with  few  exceptions,  We 
have  a  need  for  a  high  speed  printing  device  with  general  graphics 
capability  (l.e.  the  capabilities  of  a  plotter  and  the  speed  of  a 
line  prints^),  Existing  devices  In  this  class  all  seem  to  use  special 
paper,  which  makes  their  operating  costs  too  high,  Devices  that  work 
with  ordinary  Paper  are  under  development  by  more  than  one 
manufacturer  and  we  will  likely  want  to  procure  one  with  available 
funas  when  they  become  available, 

1.8.6  Terminals 

Existing  terminals  appear  adequate  for  the  foreseeable  future. 
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1.8,7  Special  Equipment 

Ongoing  hand-eye  research  and  other  work  In  computer  vision  will 
require  additional  cameras  with  color  vision  capability, 
manipulators#  and  other  Instrumentation,  Funds  have  been  budgeted 
for  these  Items, 
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2,  HEURISTIC  PROGRAMMING  PROJECT  (Incorporating  Heuristic  DENDRAU 

(E.A,  Felgenbaum,  J,  Lederberg,  B,  G,  duchanan,  R,  S,  F.ngelmore) 

TABLE  OF  CONTENTS 

Introduction 

Change  of  Project  N^me 

Proposed  Work  for  New  Contract  Period!  its  Relation  to  Long  Term  Goals 

1.  Theory  Formation  In  Science 

2.  Representation 

3.  Generality  and  Problem  Solving 

A,  The  Nature  of  Programs  and  the  Organization  of  Heuristic  Programs 
5,  New  Artificial  Intelligence  Application 
Historical  Synopsis 

Views  of  Others  Others  Concerning  This  Research 
Review  of  Work  of  the  Current  Period 

Heuristic  DENORAL  as  an  application  to  Chemistry:  Possible  NIH  Support 
Computer  Fact  I  1 1 1 es 

Budgetary  Note  Concerning  Computer  Time 
Budgetary  Note  Concerning  Personnel 
B I b  I  I ography 


2.1  INTRODUCTION 

Under  previous  ARPA  contract  support,  the  work  of  the  Heuristic 
□ENDRaL  project  has  Leen  focused  on  understanding  the  processes  of 
scientific  Inference  |n  problems  Involving  the  Induction  of 
hypotheses  from  empirical  data*  and  on  the  Implementation  of  a 
heuristic  program  for  solving  such  problems  In  a  real  scientific 
setting.  The  Heuristic  OENDRAL  program  now  does  a  creditable,  often 
extremely  good.  Job  of  solving  a  variety  of  mass  spectral  analysis 
problems  |n  organic  chemistry, 

It  was  necessary  to  Invest  the  effort  to  construct  this  complex 
performance  program  as  o  foundation  of  understanding  and  a  mechanism 
from  which  to  build  toward  more  Interesting  and  Important  programs  to 
do  scientific  theory  formation.  We  have  begun  this  building. 

What  we  Intend  to  do  |n  the  next  two  years  Is  the  subject  of  this 
proposal.  The  phase  of  ARPA  support  of  the  performance  program 
writing  and  tuning  (the  Heuristic  DENDRAL  phase)  will  end  with  the 
expiration  of  the  present  contract  period,  though  funds  are  being 
sought  from  NIH  to  continue  that  part  of  the  work, 

2.2  CHANGE  OF  PROJECT  NAMt 

The  focus  of  our  work  under  ARPA  support  |s  expanding,  and  Its  nature 
Is  changing,  Our  des|re  to  oonyey  th | a  explicitly  leads  us  to  want 
to  change  the  project  name  to  Heuristic  Programming  Project,  This 
desire  was  reinforced  by  our  observation  that  "Heuristic  DENDRAL"  has 
become,  among  computer  scientists*  *  technical  term  referring  to  a 
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specific  program,  rather  than  a  covering  term  for 'a  group  of  oeonla 
working  on  programs  which  model  scientific  thought  p?oc«ses. 

2.3  PROPOSED  WORK  FOR  NEW  CONTRACT  rERI00: 
its  relation  t0  lung  term  Gqals 

the  success  of  the  Heuristic  DENORAL  program  in 

discussions  In  our  research  J.StlnSs  tSI  U«  £  'Z 

problems#  like  most  others,  tend  to  have  a  natural  time  -*yea^  ’  °Ur 

f?ust^atlonthe"te|s'i8r  'h  l°  WaSte  ener9y  and  res°HrceS  and  to®  l*ncu^ 
rustratlon.  It  |s  toward  an  understanding  of  the  overall  C«* 

our  work  that  w.  offer  the  following  comments  concerning  JoalS? 
Science  and  the  w0rk  of  scientists  Is  our  object  of  study  We  seek 

«-?nir?o  r:t.r:ro^:r^t ::  attSf"1 

ikci  .“mi.rir 

how  a  scientific  paradigm  Is  used  most  effectively  as  framauniek  #«’ 
the  conduct  of  routine  scientific  prool.m  so  tSJ 

nSC“”,r,!  “h“  hund:?r°rS 

J.u:nBn:;,:ie, on  5cientm'!  «•••'»  »•«*!.« 

“""ji**:"-'-'-  -•  •••*  „r s«oS'«, *S”;  !;ib;:',“e 

2  d3  and  4  , thB  fund  °f  to° 1 3  and  C0nc«pts,  As  out||ned  In  Items 

2,  3,  and  4,  below,  our  current  research  trajectory  leads  us  tn 
expect  that  we  can  contribute  to  an  understanding  of:  the  nrohiam 
reoresentat Ion  of  knowledge;  the  sources  of  generality  Ind  aoae  Z7ls« 

th-  n*tur>  -  - 

1.  Theory  formation  In  Science 


Five  years  ago  we  began  our  work 
environment  |n  which  to  work,  one 
toy-1  Ike,  yet  simple  enough  so  that 
with  the  conceptual  tools  we  had  at  our 


b;*  seeking  a  specific  task 
of  a  complexity  beyond  the 
we  could  formulate  an  approach 
command,  We  decided  that  the 
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problem  area  needed  to  have  as  Its  essence  the  Inductive  ana  s  I  s  of 
empirical  data  for  the  formation  of  explanatory  hypotheses,  This  Is 
the  type  of  Inference  task  that  calls  for  the  use  of  a  scientific 
theory  by  a  performance  program,  but  not  the  formation  of  that 
theory,  we  did  not  have  the  Insight,  understanding,  and  daring  at 
that  time  to  tackle  ab  Initio  the  problem  of  theory  formation  (and 
Indeed  It  would  have  been  foolhardy  to  do  so  then), 


Now  we  feel  the  time  Is  r|oe  for  us  to  turn  our  attention  In  a  major 
way  to  the  problem  of  theory  formation,  Our  understanding  and  our 
technical  tools  have  matured  along  with  the  Heuristic  DENDRAL  program 
to  tne  point  where  we  now  see  clear  ways  to  proceed,  The  effort, 
which  began  In  a  small  way  a  few  montns  age  Is  called  Meta-DENDRAL. 

As  always,  proper  choice  of  task  environment  Is  crucial,  but  for  us 
the  choice  was  absolutely  clear,  The  theory  formation  task  most 
accessible  to  us  Is  the  task  of  forming  mass  spectral  theory,  Hence, 
the  notion  of  building  a  level  of  programs  "meta"  to  the  DENDRAL 
performance  program. 

DENDRAL  already  contains  an  excellent  mass  spectral  theory.  We, 
therefore,  have  a  clear  Idea  of  what  a  "correct  answer"  Is  like. 
DEnDRAL's  theory  Is  represented  In  at  least  two  different  forms  at 
present,  so  that  we  have  a  pretty  good  Idea  of  the  Issues  Involved  In 
representing  mass  Spectral  theory  for  a  program,  The  Predictor 
program  Is  an  Interesting  kind  of  artificial  experimental  environment 
In  which  to  perform  certain  kinds  of  Internal  "exper 1 ments" 
systematically,  thereby  generating  a  kind  of  systematic  data  that  may 
not  be  available  In  the  natural  world,  A  theory  language  of 
notations,  data  structures,  and  primitive  concepts  (with  which  we  are 
Intimately  familiar  because  we  developed  It)  Is  available.  People 
who  are  expert  In  the  discovery  of  mass  spectral  theory  are  members 
of  our  research  team.  Many  programs  for  manipulating  mass  spectral 
data  have  already  been  developed  by  us  and  are  ready  to  be  exploited 
as  Meta  DENDRAL  tools. 

The  goal  of  the  Meta-DENDRAL  program  Is  to  Infer  the  theory  that  the 
performance  program  (Heuristic  DENDRAL)  needs  to  solve  problems  of 
mass  spectral  analysis, 

The  following  taole  attempts  to  sketch  some  alfferences  between  the 
programs  at  the  Performance  level  and  the  msta-level, 


Heuristic  QE\'DRAL  Meta-DENDRAL 


Input  Tne  mass  spectrum  of  a 

molecule  whose  structure 
Is  not  known  (except, 
of  course,  In  our  test 
cases ) 


A  large  number  of  recorded 
mass  spectra  and  the  associated 
(known)  molecular  structures. 
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Output  A  molecular  structure 
Inferred  from  the  data 


A  set  of  cleavage  and  rearrangement 
rules  constituting 
a  subset  of  the  theory  of  mass 
spectrometry 


Example  Uses  aloha-carbon 

fragmentation  theory 
rules  In  planning  ana 
In  vail dat | on 


Discovers  (and  validates) 
a (Dha-curbon  fragmentation 
rules  In  a  space  of  possible 
patterns  of  cleavage.  Uses 
set  of  primitive  concepts  but 
dees  not  Invent  new  primitives. 


In  our  view,  the  continuity  evident  In  this  table 

So C2rSi22rdl2etI^.vS^C;™«eSJlf!SIIU|35iV*  eXP,anat,°" 

foC°desS9m  br°ader  data  spaC6s  and  constructor  3  moSe  genera  |  ^tHes 
for  describing  regularities  In  the  data,  aenerai  rules 


The  number  of  possible  ways  of  searcning  for  regularity*  t  „  a  w  «. 

genera !  !  zatfons  """  th# 

h.urlstu  search  strat.,l.s  and  c.th  ai.  I  Jilt  |  bSmmS?;"**- 

constrain  the  search  to  subspaces  that  appear  to  ba  mn«t  #  1*#  1 

>»"•  ‘-'juristic,  criteria.  5.  can  T, t  awcf?!c  now  IbUl 

•uzvviir, 

to  sat  Insights  Into  tna  orocass  by  mimicking  the  Inductive  oracaa«a« 

usao  by  on.  of  our  ch.mist  collaborators.  Thl, |,  «n 

type  of  strategy  |n  which  a  rule  (or  part  of  »  .,.1.1  ■  _  •  .  .  * 

addlt*onai°f  !saery  3(1,811  number  of  •*amp|es,  and  Is  modVr'T**  as 
wholly.  are  COnsld8rBd  for  wh'pb  the  rule  falls  partly  or 


lseabyCUddea?  '  1  ke"  the  size  of  the  data  subset  It 

ab  J.Ii,?!  'th  at  one  time  and  In  its  systematic  approaoh  to 
ru!e  fl"dlng.  ^ach  structure-spectrum  pair  Is  subjected  to  a 
bond-by-bond  examination  for  evidence  of  cleavage  Rrmw-n  1 

cleavages  and  then  bond-trlplat  cleavages  are  a.archSd'for  lv?d*nc^ 
for  group  mlgrBtlons  |n  conjunction  with  the  various  cleavages  Is 
sought  (th.  generator  treats  hydrogen  migration,  first,  m“I"”p|.« 
groucs  later,.  Validated  event,  and  tn.  molecular  contiat  In  »h  ei 
they  secured  are  coded  (d.acrlb.d,  In  .  |angu«?  cf  oMmVtlSS 
processes  for  the  next  stage  of  processing,  This  critical  step  Is  a 

b«aroar  ?;or#Juiar  ty  ,n  the  S8t  °f  3r0ca”as  a"d  contexts!  \t  p.! 
5*. G* rr!!d  ou  In  very  many  ways,  A  data  I | eo  under  stand  I ng  of  the 
nature  of  such  searches,  and  the  effect  of  different  search 
strategies,  is  an  Important  part  of  our  study.  Regularities  an 
expressed  as  tentative  theory-rules  In  our  .ItiatloSiUt  Jn  rSII 
representation  (developed  f0r  Heuristic  UENDRAL  *  s  PredTcto?!, 


35 


n™^'  «n;,nr*Jh.veru9:::,8lN“t,o°? ot  ...»».  f., 

l.ol.m.Hts  this  scheme,  though  i  I  .0.°,' 'oTJIoMirill  SJimUSM!'''*! 

2.  Representation 

awbeoSrths:enc;ENDoRu;Lre:iMas  t  In  rich  know,edoe 

problem  solving  and  to  LIL  !!  !  !  '«  oruc l«|  to  effective 

Imorovea  performance  Because  of  thif  knowledge  structure  for 
representation  Is  Important'to  arttf  IcTa  ! ntj u TgeSca*?!  Dr0fl>m  of 

ixxr«,r..ix 

connection  with  the  Meta-QeNDRAL  *r  ese^ch?d*Ad  s  Jbstant  ^?V° 1  7*bJ 8  '? 
work,  begun  In  the  current  period,  w|||  be  oushid  *  Th  P  ?  0f 

mor.  recent  (end  more  eat  I sf.ctory )  orod"tUni"l!  fori  I?* 

--  --  »Lra«ts,:s.r,f«s. s  h  S'? 

considerable  link,,,  to  the  Meta-OLNORAL  iork  i?.IIoSlTy05TscoI«<,?“S 


3.  Generality  and  Problem  Solving 


Transformation  of  representation  Is  c|ose|y  associated  with 

concept  of  specializing  knowledge  for  Its  most  effJflJt  . 
solving  specific  classes  of  nrnkio..  ,  most  efficient  use  n 

already  dies  th|.  ,11  I  °Ur  Pl‘nnln»  "ul.  Generator 

spectral/chemical  Drob|ems,  the  saturated  5uDr*‘(,m 1 1  *  mass 

l&S  IwtBSuSaTiBSrS!?"? 

ff&r-.s'^sS'usSSS^  liw 

Memo  131  -as  our  otenin,  sl.I.IIn?!  •*»loratlon,  for  „hleh  A.l. 
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4,  The  Nature  of  Programs  and  the  Organization  of  Heuristic  Programs 

One  of  tne  most  Important  sources  of  transfer  from  our  present  work 
to  our  future  work  and  to  the  work  of  others  Is  likely  to  result  from 
a  detailed  examination  of  the  DEtyORAL  programs  as  an  organized 
sequence  of  manipulations  on  a  symbolic  world  Internal  to  the  LISP 
"machine",  In  our  research  discussions*  we  return  repeatedly  to 
problems  Involved  in  trying  to  understand  systematically  that 
universe  of  entities  knovn  as  computer  programs*  and  In  particular 
the  subclass  of  heuristic  programs.  Why? 

Plrst*  as  builders  of  perhaps  the  largest  heuristic  program  that 
exists,  we  are  forever  frustrated  that  our  next  steps  are  not  more 
reaally  accomplished  than  our  last  steps*  that  there  remains 
undiscovered  something  systematic  and  understandable  that  w| | i  permit 
next  steps  to  be  made  more  scientifically  and  less  art|san-llke  than 
previous  steps. 

Second#  the  programming  task  Itself  presents  a  problem  domain  worthy 
of  Intense  aep I  I  cat | on-o r 1 ented  research  by  the  A.I,  community,  It 
Is  almost  certainly  true  that  two  or  three  decades  hence  most 
computer  programs  (as  we  know  them  today)  will  be  written  by  computer 
program.  The  necessary  Initial  explorations  should  begin  now  (as 
Indeed  they  have  begun  at  a  few  places), 

Third*  our  work  |s  primarily  concerned  with  heuristic  programs  and 
these  present  particular  problems  and  challenges,  At  some  level  In 
the  organlztlon  of  our  programs  we  are  writing  heuristic  procedures 
and  not  merely  routine  symbol  manipulations  (for  example*  search 
cut-off  decisions  as  opposed  to  some  list-structure  reorganization), 
But  there  Is  so  little  heuristic  programming  science  to  draw  upon  In 
engineering  specific  heuristic  procedures!  To  the  extent  that 
heuristic  programming  Is  a  science  at  all,  It  Is  an  experimental 
science  (Invent*  organize,  Implement*  try*  observe*  interpret; 
reorganize*  Invent  more*  try  again*  observe  and  Interpret*  and  so 
on),  The  processes  of  the  automatic  heuristic  program  writer  (or  at 
least  programming  assistant)  may  be  similar  to  the  processes  of  the 
empirical  scientist,  the  problem  domain  of  our  primary  Interest, 

For  all  of  these  reasons*  we  plan  to  Invest  some  of  our  time  and 
resources  In  a  exploratory  effort  to  better  understand  programs* 
program  construction,  and  In  particular  the  organization  of  heuristic 
programs,  whether  we  pursue  our  quest  for  understanding  by  program 
writing  Is  not  now  claar,  It  will  probably  depend  on  what 
Individuals,  particularly  graduate  students,  become  Interested  In 
pursuing  these  questions, 

5,  New  Artificial  Intelligence  Application 

During  the  current  period,  we  have  soent  much  effort  In  search  of  a 
new  application  In  which  the  techniques  and  concepts  of  artificial 
Intelligence  research  can  be  applied  to  a  problem  of  Importance  to 
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Science,  To  serve  adequately,  the  pr0o|em  domain  must  be  such  that 
ccmplex  reasoning  processes  p ! ay  a  significant  role  In  the  discovery 
of  problem  solutions  (Interestingly,  many  scientific  tasks  df  Sot 

i”*,  *"'!  in  H„  ,m  our  genera  I  Inclination!,  orobul 

domains  of  primary  Interest  to  us  are  those  Involving  Induct  ve 
generalization  and  hypothesis  formation  from  sets  of  empirical  data 
There  are  many  other  characteristics  that  a  problem  area  must  have  If 
here!  Interest  and  use  to  us.  but  we  w|||  not  discuss  these 

During  the  remainder  of  the  current  Derlod,  a  new  applies*  on  area 
will  probably  be  selected,  We  Intend  that  the  project  sup  ort  this 
work  dur'ng  the  period  of  problem  formulating  thToerlod  i? 
Initial  testing  for  feasibility,  If  tne  Idea  Is  viable,  sustaining 
U°0*°NSF  g°  Sli?9  apD  I  I  cat  I  on  to  fruition  will  probably  be  siuih? 


2, A  HISTORICAL  SYNOPSIS 

.b?q®n, I9*5  and  has  been  supported  by  ARPA  contract  funds  for 
artificial  Intelligence  research  at  Stanford  since  that  time,  a 
specff  c  task  environment  was  decided  upon  as  a  context  for  studyjna 
scientific  hypothesis  formation.  Tnls  was:  the  Induction  of 

hypotheses  about  organic  molecular  structure  from  physycal  spectra  of 
molecule,  ( I n 1 1 la  I  I y  mass  spectra,  later  Including  ,  mSanet?! 

resonance  spectra  as  eux  I  I  I  ery  data) .  The  heur  I  it  I  c vllarJ 
to  solve  such  problems  consists  broadly  of  two  pnases:  hypothesis 

generation  and  hypothesis  validation. 

The  hypothesis  generation  phase  Is  a  "»eurlst|c  search  m  which  a 
combinatorial  space  of  possible  candidate  molecular  structures  |s 
severely  constrained  by:  (e)  heuristics  that  define  plausibility  of 
structures  In  terms  of  their  natural  stability  and  <b>  a  sei'ih  oii 
infer-ed  from  the  Problem  data  using  task-specific  pattern  analysis 
neur  sties  that  are  based  on  mass  spectral  theory.  The  chemical 
knowledge  (theories,  conjectures,  facts,  heuristics)  used  by  the 
program  has  been  elicited  from  professional  mass  spectrometr  1  sts  bv  a 

thaShumb  V  Jys*e"at,c  technique,  often  employing  Interaction  between 
the  human  chemist  and  the  program.  In  some  Instances,  the  heuristics 
used  for  Inferring  the  search  plan  can  be  deduced  by  one  of  our 
programs,  without  recourse  to  ou.  chemist  collaborators, 

In  the  hypothesis  validation  phase,  candidate  hypotheses  are 

Jhpir!  bV  ®  W°  St8D  process!  (a>  a  Program  using  a  complex 

makSs  1  f  Inf  |SPn<ftra  ®®nerat!s  a  Pr«c*|ct  Ion  against  problem  data, 
rfmflnlfg.  discarding  of  some  candidates,  and  ranks  those 

forStheDr°?er  LISP*  ^  of  bytes  of  core  nemory 

for  the  ISM  36fl  (Including  necessary  binary  program  space  and 

adequate  free  storage  scace)  a  typical  "working**  core  Image  win 
occupy  over  one  million  bytes  (usually  run  In  three  350K  job  steps). 
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Other  DENORAL  code  used  In  the  pest  end  sometimes  In  the  present 
constitutes  another  half  million  bytes. 

The  program  has  solved  nundreds  of  structure  determination  problems. 
For  the  supra-famlly  of  organic  molecules  upon  which  we  have  focused 
most  Intensely  (Saturated*  acyclic*  monofunctional  compounds)  the 
oerformance  Is  extremely  good*  measured  In  1 1 me-to-so I ut I  on  and  In 
quality  of  solutions#  even  compared  with  the  best  human  performance, 
In  other  families  and  suora-fam  |  J | es»  the  oerformance  Is  sometimes 
gooa#  sometimes  novice-like.  The  basic  processes  are  completely 
general,  however#  so  that  Increments  of  new  chemical  knowledge  w||| 
readily  give  rise  to  better  performance  on  a  broader  range  of 
pr ob  I  ems . 

This  work  has  been  reported  to  the  computer  science  community  In  the 
following  publications:  [7],  [10],  [16],  [17],  [23],  Slnee  the 
program  |s  of  considerable  Interest  as  an  application  |n  chemistry# 
we  have  produced  a  series  of  papers  for  the  chemical  literature 
entitled  "Applications  of  Artificial  Intelligence  for  Chemical 
Inference",  of  which  six  papers  nave  appeared  [143,  [15],  [19],  [20], 
[21],  [223,  and  two  more  are  |n  progress.  The  work  has  been 
discussed  In  terms  of  philosophy  of  science  In  [18], 

2.5  VIEWS  OF  OTHERS  CONCERNING  THIS  RESEARCH 

The  publication  of  this  work  has  engendered  considerable  discussion 
and  comment  among  computer  scientists  and  chemists.  Professor  H, 
Gelemter  (SUNY,  Stony  Brook),  at  an  SJCC  1970  panel  of  the  use  of 
computers  In  science  gave  an  extended  discussion  of  the  program*  In 
which  he  said  that  It  was  the  first  Important  scientific  application 
of  artificial  Intelligence,  Or,  W,  H,  Ware  (RAND  Corporation)  In  a 
recent  article  entitled  "The  Computer  In  Your  Future"  In  the 
collection  Science  and  Technology  In  the  World  of  the  Future  (A,  B, 
Bronwe  I  I ,  ed,»  W||ey  Press,  1970)  said: 

"Thus,  much  of  engineering  will  bo  routlnlzed  at  a  high 
level  of  sophistication,  but  what  about  science?  An 
Indication  of  what  is  coming  at  a  higher  level  of 
Intellectual  performance  Is  a  computer  program  called 
Heuristic  DENDRAL,  which  does  a  task  that  a  physical 
chemist  or  biologist  concerned  w|th  organic  chemistry  does 
repeated ly ," 

Professor  J,  Welzenbaum  of  HIT,  |n  an  undergraduate  computer  science 
curriculum  proposal  fo^  MIT  entitled  "A  F|rst  Draft  of  a  Proposal  for 
a  New  Introductory  Subject  In  Computer  Sciance  (September  1970)" 
Included  Heuristic  DENDRAL  In  h|s  "group  4”  series  (three  lectures) 
entitled  Great  Programs:  and  he  said  recently  (personal 
comirun  I  cation),  comment  |  ng  on  recent  work  and  plans, 
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"I  3ee  the  work  you  are  now  beginning  as  a  steD  In  the 
direction  of  composing  explicit  models  of  just  such 
programs  (tnat  build  expertise  In  an  area),  The 
implications  of  a  success  In  such  an  effort  are  staggering, 

I  therefore  believe  your  effort  to  be  worthy  of  very 
considerable  Investment  of  human  and  financial  resources,*' 

In  his  paper  presented  at  the  Sixth  International  Machine 
Intelligence  Workshop*  Professor  Saul  Amarel  (Rutgers  University) 
used  Heuristic  DENORAL  to  Illustrate  a  point  about  programs  which  use 
theoretical  knowledge,  He  wrote: 

"The  DENORAL  system  provides  an  excellent  vehicle  for  the 
study  of  uses  of  relevant  theoretical  knowledge  |n  the 
context  for  formation  problems,"  Cfrom  "Representations  and 
Modeling  In  Problems  of  Program  Formation",  Saul  Amarel, 

In  Machine  Intelligence  6  (U,  Meltzer  and  D,  Mlchle,  eds,) 
Edinburgh  University  Press  (|n  press)]. 

Dr,  T.  G,  Evans  (Air  Force  Cambridge  Research  Labs),  President  of  the 
ACM  S»GarT,  In  Introducing  a  talk  on  Heuristic  UEND^AL  at  the  1970 
FJCC  meeting  of  SIGART,  called  the  program  "probably  the  smartest 
program  |n  the  world"  (and  followed  this  with  the  Interesting 
observation  that  this  program  had  probably  received  a  more  sustained 
and  Intense  effort  than  any  other  single  program  In  the  history  of 
the  artificial  Intelligence  field).  At  a  practical  level,  a  firm  of 
British  computer  science  consultants  headed  by  Professor  D,  Mlchle  of 
the  University  of  Edinburgh  requested  and  obtained  permission  to 
adapt  and  market  the  use  of  the  Heuristic  DLNDRAL  program  to  a 
British  chemical  comoany,  A  mass  spectometry  laboratory  at  the 
University  of  Goteberg  In  Sweden,  headed  by  an  eminent  mass 
spectr orretr  1  st,  has  asked  for  listings  and  help  In  beginning  the  use 
of  the  program  there,  On  a  recent  visit  to  Stanford  representatives 
from  one  of  the  leading  mass  spectrometer  manufacturers  (Varlan-MAT, 
Germany)  also  requested  listings  of  the  program, 

2,6  REVIEW  OF  WORK  OF  THE  CURRENT  PERIOD 

In  the  previous  proposal,  we  outlined  work  to  be  undertaken  during 
the  current  period,  There  has  been  substantial  progress  on  much  of 
this  work,  though  we  are  only  a  year  Into  the  current  period,  Some 
of  the  work  has  not  been  attempted  because  Its  time  did  not  seem  to 
be  ripe, 

We  have  already  mentioned  that  dramatic  progress  was  made  In  the 
Improvement  of  the  performance  of  the  program  as  an  application  to 
chemistry.  Our  first  paper  on  ringed  structures  was  published  and 
more  complex  work  (on  steroids)  is  now  being  done,  Other  functional 
groups  were  added  to  the  Planner,  N.M.R,  analysis  was  brought  to 
bear  'n  a  meaningful  way  at  the  level  of  planning,  As  we  Indicated 
earlier,  the  program  Is  moving  to  the  stage  at  which  It  can  be 
exported  to  the  scientific  community, 
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Our  work  on  representation  of  knowledge,  30  dominant  a  theme  |n  our 
orevlous  proposal,  has  been  mu  1 1 1 -faceted ,  The  knowledge  we  are 
dealing  with  Is  the  theory  of  the  mass  spectrometr I c  processes  of 
fragmentation  and  recombination,  This  theory,  the  basis  of  our 
Predictor,  has  been  rerepresented  In  a  particular  Production  rule 
("situation-action'*  rule)  form  as  a  preliminary  to  writing  programs 
that  will  perform  this  representational  transformation  automatically. 

This  new  representation  Is  also  the  Internal  representation  for  the 
knowledge  acquired  by  the  Interactive  Dialog  program  for  eliciting 
knowledge  about  chemical  structures  and  processes  from  practitioners, 
a  rather  specialized  chemistry  language  In  which  to  conduct  this 
dialog  has  oeen  created,  as  well  as  the  Interpreter  for  that 
language.  This  work  will  be  the  subject  of  an  A, I,  Memo  later  In  the 
contract  period, 

There  are  at  least  two  aspects  to  the  prootem  of  the  effective  use  of 
general  knowledge  about  a  world  by  a  problem  solver:  at  what  point 
In  the  problem  solving  process  the  knowledge  |s  deployed,  and  the 
representation  chosen  for  Its  deployment  at  that  point,  We  have  done 
substantial  work  on  both  of  these  problems  With  respect  to  these 
problems,  the  most  dramatic  event  of  th | s  period  was  the  construction 
of  the  Planning  Rule  Generator  (described  In  A, I,  Memo  131  C23J), 
This  Is  the  program  that  deduces,  from  some  general  first-order  mass 
Spectral  the0ry  that  is  basic  t0  the  Predlct0r's  activity,  the 
specific  family-related  pattern  recognition  heuristics  used  In  the 
Planning  process,  It  deduces  "experts"  for  specific  chemical 
families  for  deployment  early  In  the  hypothesis  generation  phase,  Of 
the  other  experiments  done  with  respest  to  point  of  deployment  of 
knowledge,  some  have  had  spectacular  effect  In  search  reduction,  as 
for  example,  the  Introduction  of  the  N.M.R.  analysis  during 
Planning  rather  than  as  a  terminal  evalualon  step,  (The  former  Is 
discussed  In  A, I,  Memo  131  (23),  the  latter  In  C19],) 

Scientific  reports  on  our  experiments  with  representation  and  design 
will  be  forthcoming  as  A, I,  Memos  during  the  Spring  and  Summer  of 
1971. 

In  this  period,  also,  we  have  been  able  to  formulate  and  begin  the 
groundwork  for  the  next  period's  work  on  meta-DENDRAL,  discussed 
earlier, 

2,7  HEURISTIC  DENDRAL  AS  APPLICATION  TO  CHEMISTRY! 

POSSIBLE  mIH  SUppqRT 

It  should  be  clear  from  the  earlier  sections  of  this  proposal  that  we 
have  demonstrated  the  feasibility  (at  least}  of  applying  techniques 
of  artificial  Intelligence  research  to  structure  determination 
problems  In  organic  chemistry  In  a  meaningful  and  practical  way. 
Feasibility,  however,  Is  not  realization,  A  very  considerable  amount 
of  hard  work  by  chemists  and  DENDRAL  programmers  remains  to  be  done 
to  make  a  comprehensive  practical  scientific  tool,  <\RPA  Is  not  being 
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asked  to  support  th|s  part  of  the  research  and  development, 

An  NIH  grant  application  was  submitted  last  A  p  ■*  I  |  and  given  an 
extraordinarily  comprehensive  scientific  review  py  NIH,  The 
application  was  approved  and  Is  now  awaiting  funding  by  the  Division 
of  Research  Resources,  which  funds  computer  facilities,  mass 
spectrometer  facilities  and  other  expensive  Instrumental  tools  of 
blo-medlcal  research,  along  with  research  Into  methods  for  their  most 
effective  use. 

The  NIH  proposal  calls  fori 

1,  Experimental  work  w|th  a  new  mass  spectrometer, 

2,  Organizing  and  programming  existing  and  newly-developed  knowledge 
about  mass  spectrometry  to  Improve  the  breadth  and  Quality  of  the 
performance  of  the  Heuristic  DENDRAL  program, 

3,  The  oontrol  of  a  mass  spectrometer  with  a  gas-1 Iquld  chromatograph 
In  real-time  by  the  Heuristic  DENDRAL  program,  such  that  the 
whole  system  Is  solving  a  problem  rather  than  merely  collecting 
data  for  later  analysis. 

4,  Meta-OENDRAL  research  on  theory  formation  In  mass  spectrometry 
(a  very  small  fraction  since  th|s  work  Is  advanced  A, I, 
research  and  Is  central  to  the  ARPA  -sponsored  effort), 

2,6  COMPUTER  FACILITIES 

Fortunately,  the  project  Is  blessed  with  excellent  computer 
facilities  at  the  moment,  so  that  the  oniy  budgetary  proposal  that 
needs  to  be  made  In  this  regard  Is  for  the  purchase  of  services  and 
not  for  the  development  of  a  resource,  Our  programming  Is  done 
almost  entirely  In  Stanford  360/LISP, 

On  the  360/67  at  the  Computation  Center's  Facility,  the  following 
Is  aval  lab  I  e : 

Remote  Job  Entry  to  Batch  Partitions  via  the  WYLBUR  Text  Editor, 
with  Job  output  available  at  the  terminal. 

Partition  Sizes  for  Batch  Partitions: 

1 3 1 K  bytes  In  separate  high-speed  partition  for  diagnostic  runs 
280K  bytes,  normal  partition  size 
4HK  bytes,  large  partition  size 

800K  bytes,  "giant"  partition  size,  available  on  overnight  runs 
Interactive  t|me-shared  LISP  Interpreter  *‘d  compiler,  available 
under  ORVYL  time-sharing  submon|tor 

On  the  360/50  at  the  Medical  School's  ACME  Computer  Facility,  the 
following  Is  available  under  th*1  ACmE  time-snaring  monitor 
( non-swapp I ng) : 

360/LISP  (Interpreter  and  compiler) 
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Amount  of  memory:  ur>  to  a  few  hundred  thousand  bytes  In  the 
davtlme  operation,  variably  depending  upon  our  Immediate 
inquest,  tp  to  1,8  million  bytes  of  slow-speed  core 
memory  available  at  night  and  at  off  hours, 


2.9  BUDGETARY  NOTE  CONCERNING  COMPUTER  TIME 

The  need  to  hold  the  overall  annual  budget  constant  as  we  move  to  the 
next  contract  period*  coup|eo  w|th  the  need  to  absorb  expenditure 
Increases  In  a  variety  of  budgetary  categories*  necessitated  the 
budgeting  of  reduced  computer  time  expenditures  from  the  budgeted 
S60G0/  month  of  the  present  contract  te  $4000/  month,  The  possible 
adverse  Impact  of  this  reduction  can  (hopefully)  be  mitigated  by» 

a.  the  use  of  some  of  the  NIH  grant  funds  (|f  our  proposal  Is 
funded)  for  certain  parts  of  the  work* 

b.  use  of  the  Artificial  Intelligence  Project's  facilities  for 
part  of  the  work, 

c.  use  of  ARPA  network  facilities,  where  feasible  and  appropriate, 
Thus*  the  fallback  positions  appear  at  present  to  be  adequate, 

2.10  budgetary  note  concerning  personnel 

In  addition  to  the  p  ,p|e  mentioned  In  the  ARPA-suppor ted  budget 
?  Ee  I  genbaum,  Lederburn.  Buchan**-,  Eng.|more,  and  graduate  students), 
other  project  scientists  are  provided  by  the  Stanford  Mer» 
Spectrometry  Laboratory,  and  the  Instrumentation  Research  Laboratory 
o'  the  Genetics  Department,  Additional  positions  are  requested  In 
the  MH  grant  application  to  carry  out  tasks  called  for  there, 
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C 5 n  J,  Lederberg,  "Hamilton  Circuits  of  Convex  Trlvalent  Po|yhedra 
(ud  to  18  vertices),  Am,  Math,  Monthly,  May  1967, 

[6.1  G,L.  Sutherland,  "DENDRAL  -  A  Computer  Program  for  Generating  and 
Filtering  Chemical  Structures",  Stanford  Artificial  Intelligence 
Project  Memo  No,  49,  February  1967, 

C 7 3  J,  Lederberg  and  E.a,  Felgetibaum,  "Mechanization  of  Inductive 
Inference  In  Organic  Chemistry",  In  B,  Kielnmuntz  <ed)  Forma* 
Representations  for  Human  Judgment,  (W||ey,  1968)  (a|so  Stanford 
Artificial  Intelligence  Project  Memo  No,  54,  Au9ust  1967), 

[8]  J,  Lederberg,  "Online  computation  of  molecular  formulas  from  mass 
number."  NASA  CR-94977  (1968), 

C  9  3  E.A,  Felgenbaum  and  8,C,  Buchanan,  "Heuristic  OENDRAL ;  A  Program 
for  Generating  Explanatory  Hypotheses  |n  Organic  Chemistry",  In 
Proceedings,  Hawaii  International  Conference  on  system  Sciences,  B.K, 
Kinarlwala  and  F,F,  Kuo  (eds),  January  1968, 

[10]  B,G,  Buchanan,  G,L,  Sutherland,  and  E,A.  Felgenbaum,  "Heuristic 
DENDRAL:  A  Program  for  Generating  Explanatory  Hypotheses  In  Organic 
Chemistry",  in  Machine  Intelligence  4  (B,  Meltzer  and  D.  M|ch|e, 
eds)  Edinburgh  University  Press  (1*69),  (also  Stanford  Artificial 
Intelligence  Project  Memo  No.  62,  July  1968). 

Ell]  E.A,  Felgenbaum,  "Artificial  Intelligence:  Themes  In  the  Second 
Decade",  In  F I  na I  Supplement  to  Proceedings  of  the  IFIP  68 
International  Congress,  Edinburgh,  August  1968  (also  Stanford 
Artificial  Intelligence  Project  Memo  No,  67,  August  I960), 

C12 j  J.  Lederberg,  "Topology  of  Molecules",  In  The  Mathematical 
Sciences  -  A  Collection  of  Essays,  <ed,)  Committee  on  Support  of 
Research  In  the  Mathematical  Sciences  (COSRIMS),  National  Academy  of 
Sciences  -  National  Research  Council,  M,i.T.  Press,  (1969),  pp, 
37-51. 

[13]  G,  Sutherland,  "Heuristic  DENDRAL!  A  Family  of  LISP  Programs", 
to  appear  In  D,  Bobrow  (ed),  LISP  Applications  (also  Stanford 
Artificial  Intelligence  Project  Memo  No,  80,  March  1969), 

[14]  J.  Lederberg,  G,L.  Sutherland,  8,G,  Buchanan,  E,A.  Felgenbaum. 
A.V,  Robertson,  A,M,  Cuffjeld,  and  C.  njer&ssi,  "Applications  o» 
Artificial  Intelligence  for  Chemical  Inference  I,  The  Number  of 
Pc  sible  Organic  Compounds:  Acyclic  Structures  Containing  C,  H,  o 
and  N".  Journal  of  the  American  Cnen|cal  Society,  91 i H  (May  21, 
1969)  . 

[153  A.M,  Duffield,  A , V ,  Robertson,  C,  Ujsrassl,  B,G.  Buchanan,  G,L. 
Sutherland,  E.A,  Feigenbaum,  and  J,  Lederberg,  "Application  of 
Artificial  Intelligence  for  Chemical  Inference  II,  Interpretation  of 
Low  Resolution  Mass  Spectra  of  Ketones",  Jour  al  of  the  American 
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Cherrlcal  Society,  9i?il  (May  21,  1969', 


RECENT  PUBLICATIONS 

C 16 3  B.G.  Buchanan,  G.L,  Sutherland,  E  *,  Felgenbaum,  "Toward  an 
Understanding  of  Information  Froceses  o  Scientific  Inference  In  the 
Context  of  Organic  Chemistry",  In  Machine  Intelligence  5,  (B,  Me|t2er 
and  D,  Mlchle,  eds)  Edinburgh  University  Press  (1969),  (also  Stanford 
Artificial  Intelligence  Project  Memo  No,  99,  September  1969), 

C17j  J,  LederberQ,  G.L,  Sutherland,  B,^.  Buchanan,  and  E.A, 
Felgenbaum,  "A  Heuristic  Program  for  Solving  a  Scientific  Inference 
Problem:  summary  of  Motivation  and  Implementation**,  In  Theoretical 
Aporeaches  to  Non-Numcr I ca |  Problem  Solving  (R,  BanerJI  and  M.O. 
Mesarovic,  eds,)  SPr I nger-Ver I ag,  New  York  (1970),  (Also  Stanford 
Artificial  Intelligence  Project  Memo  No,  104,  November  1969), 

[183  C ,  w ,  Churchman  and  B.G,  Buchanan,  "On  the  Design  of  Inductive 
Systems:  Some  Philosophical  Problems'*.  British  Journal  for  the 
Philosophy  of  science,  20  (1969),  pp,  311-323, 

[193  G.  Schroll,  A.M,  Duffleld,  C,  Djerassl,  B.G.  Buchanan,  G.L, 
Sutherland,  E,A.  Felgenbaum,  and  J.  Lederberg,  "Application  of 
Artificial  Intelligence  for  Chemical  Inference  III.  Aliphatic  Ethers 
Diagnosed  by  Their  Low  Resolution  Mass  Spectra  and  mmR  Data", 
Journal  of  the  American  Chemical  Society,  91(26  (December  17,  1969), 

[203  A,  Buchs,  a.m,  Duffleld,  G,  Schroll,  C,  Djerassl,  -,B.  Delflno, 
B.G,  Buchanan,  G.L,  Sutherland,  E,a,  Felgenbaum,  and  J,  Lederberg, 
"Applications  of  Artificial  Intelligence  for  Chemical  Inference  Iy. 
Saturated  Amines  Diagnosed  by  their  Low  Resolution  Mass  spectra  and 
Nuciear  Magnetic  Resonance  Spectra",  Journal  of  the  American  Chemical 
Society,  92:23  (November  18,  1970), 

[213  Y.M.  Sheikh,  A,  Buchs,  A.B,  Delflno,  B,G,  Buchanan,  G.L. 
Sutherland,  E.A,  Felgenbaum,  and  J,  Lederberg,  "Applications  of 
Artificial  Intelligence  for  Chemical  Inference  V,  An  Approach  to  the 
Computer  Generation  of  Cyclic  Structures,  Differentiation  Between 
Ail  the  Possible  Isomeric  Ketones  of  Composition  C6H100",  Organic 
Mass  Spectrometry  (|n  press), 

[223  A,  Buchs,  A.B,  Delflno,  A.m,  Duffleld,  C,  Djerassl#  P,G, 
Buchanan,  E.A,  Felgenbaum,  and  J,  Lederberg#  "Applications  of 
Artificial  Intelligence  for  Chemical  Inference  yl,  Approach  to  a 
General  Method  of  Interpreting  Low  Resolution  Mess  spectra  with  a 
Computer",  Helvetica  Chemlca  Acta,  53*6  (1970), 

[233  E i A ,  Felgenbaum,  B.G,  Buchanan,  and  J,  Lederberg,  "On  Generality 
and  Problem  Solving:  A  Case  Study  Using  the  BENDRAL  Program",  In 
Machine  Intelligence  6  (B,  Meltzer  and  D,  Mlchle,  eds)  Edinburgh 
University  Press  (In  press).  (Also,  Stanford  Artificial 
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Intelligence  Project  Memo  No,  131), 


[24 ]  B,G,  duchanan  and  T.E,  Haadrlck,  "Some  Speculation  about 
Artificial  Intelligence  and  ^egal  Reasoning”.  Stanford  |_aw  Review, 
November*  1970,  (Also,  Stanford  Artificial  Intel Igence  Project  Memo 
No.  123), 

C25]  B,G,  Buchanan,  A,.,,  Duff|e|d  and  A,V,  Robertson,  "An  Application 
of  Artificial  Intelligence  to  the  Interpretation  of  Mass  Spectra". 
In  Mass  Spectrometry,  1970  (G,W,  Ml|ne,  ed,)  Wiley  (In  press), 


3. BUDGET 


ProSramir  lna°CH  p*?*  Ar.t,J,clal  Intelligence  (A, I.)  and  Heuristic 
Programming  (H.P.)  projects  are  given  oelow  for  the  next  two  fiscal 

years.  It  may  be  noted  that  the  amounts  allocated  to  salarlrs  are  the 
same  for  both  years,  even  though  Inflation  may  be  expected  to  take 

reduce  staff  ™Jebud9et  WlM  &e  malntalned  by  permitting  attrition  to 


3.1  SUMMARY  OF  BUDGETS  FOR  CONTINUATION  OF  SO-183  (Fiscal  Year  1972) 


80DGET  ITEM 

1  JUL  71 

A. I. 

TO  30  JUN  72 

H.P. 

TOTAL 

Salaries 

$467,526 

$  79,628 

$  547,154 

Staff  Benef 1 ts 

70,051 

11,931 

81,982 

Travel 

30,500 

3,700 

34,200 

Capital  Equipment 

108,000 

m  mt  m 

108,000 

Equipment  Rental 

50,319 

5,400 

55,719 

Computer  Time 

-  -  - 

46,001 

46,081 

tqulpment  Maintenance 

40,000 

-  -  - 

40,000 

Comrrun  1  cat  1  ons 

14,400 

1,500 

15,900 

Pub  1  1  cat  1 ons 

14,000  ' 

1,600 

15,600 

Other  Operating  Expenses 

32,942 

1,800 

34,742 

Indirect  Costs 

322,262 

48 , 360 

370,622 

Totals  1 

1,150,000 

$  200,000 

$  1,350,000 

4  7 


3.2  SUMMARY  OF  BUDGETS  FOR  CONTINUATION  OF  SD-183  (Fiscal  Year  1973) 


budget  item 

1  JUL  72 

TO  30  JUN  73 

total 

A.I. 

H,P. 

Salaries 

$467 i 526 

S  79,628 

$  547,154 

Staff  Benefits 

76.908 

13,084 

89,992 

Travel 

30.500 

3,700 

34,200 

Capital  Equipment 

79,855 

m  m  m 

79,855 

Equipment  Rental 

56,700 

5,400 

62,100 

Computer  Time 

m  •  m 

44,200 

44,200 

Equipment  Maintenance 

40.000 

™ 

40,000 

Comnrun  I  cat  1  ons 

14.400 

1,500 

15,900 

Pub | I  cat  1 ons 

14.000 

1,600 

15,600 

Other  Operating  Expenses 

32,942 

1,800 

34,742 

Indirect  Costs 

337,169 

49,088 

386,257 

Totals  S 

1,150,000 

$  200,000 

S  1,350,000 
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3,3  ARTIFICIAL  I NTELL I GENCE  BUDGET 


l-JUl-71 

TO 

30-JUN-72 

I,  total  artificial  intelligence  salaries 

. . .  467,526 

I  I  .  STAFF  BENEFJTS- 

13,9%  tc  8-31-71 
15,2%  to  8-31-72 
16,7%  to  8-31-73 

TOTAL  STAFF 

III,  travel 


10,831 

59,220  11,344 

65,064 

BENEFITS .  70,05! 


l-JUL-72 

TO 

30-JUN-73 


467,526 


76,908 


6  Foreign  trios, 1200/ea.  7,200 

20  Trips  east,450/ea,  9,000 

5  Professional  staff  moves 
to  Stanford, 1900/ea,  9,500 

Local  travel  4,800 


total  TRAVEL 
IV,  CAPITAL  equipment 


30,500 


V. 


5-IBM  3336  Disk  Packs  5,000 

Test  Equ | pment < A r m  and 

camera  Instrumentation)  70,000 
Color  Equipment  (Camera, 

mount,  f I | ters)  33,000 

Computer  peripherals 
and  Test  Equipment 


79,855 


total  capital  equipment 


equipment  rental 


108,0010 


IBM  Disk  Fi|e  and  Packs 

(2314,  3330)  50,319 

IBM  3330  Disk  F||e  56,700 

TOTAL  ECUIPMENT  RENTAL . 

VI,  EQUIPMENT  MAINTENANCE----------- _ _ 

(based  on  past  experience) 


50,319 

40,000 


30,500 


79,855 


56,700 

40,000 
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VII.  COMMUNICATIONS . - . . . . 

(Telephones,  dataphon«s»  te(stypes) 

VIII.  PUBLICATIONS  COST  (Past  Experience) . 

IX.  OTHER  OPERATING  EXPENSES-- _ ....... _ _ 

<®‘8,  SuPDlles#  Postage,  Freight, 

Consulting,  Utlltles)  reignt, 

X.  INDIRECT  COSTS 

59*  of  salaries  to  9-1-71  45  974 

46X  of  modified  direct  costs 

thereafter  (direct  costs  lass 
capital  equipment)  276#268 


TOTAL  inoirect  costs--- 
total  artificial  INTELLIGENCE  BUDGET. 


14,400 


14,000 

32,942 


322,262 


14,400 


14,000 

32,942 


337,169 


1,150,000  1,150,000 
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3f4  heuristic  programming  budget 


l-JUL-71 

TO 

30-JUN-72 

TOTAL  HEURISTIC  PROGRAMMING  SALARIES  -  s  79,628 

STAFF  BENEFITS- 

13, 9%  to  8-31-71  1,845 

'5.2X  to  8-31-72  10,086  2,002 

6,7%  to  8-31-73  11,082 


total  staff  benefits . . 

XIII,  travel 

2  Foreign  trios.  $1200,  ea,  2,400 
2  Trips  East#  S450,  ea,  900 

Local  Travel  400 


TOTAL  TRAVEL- 


XIV.  EQUIPMENT  rental  fWylbur  Term | na I s-362/67) 

XV.  COMPUTER  TIME  (IBM  360/67  t|me> . . 

XVI.  COMMUNICATIONS(Te|eDhones,  Dataphones)  — -  - 

XVII.  PUBLICATIONS . - . . , 


XVIII. other  operating  expenses- 
XIX,  INDIRECT  COSTS 


59%  of  salaries  to  8-31-71 
46%  of  modified  direct  costs 
thereafter  (direct  costs 
less  computer  time) 


7 , 8o0 


40,530 


11,933. 


3,700 

5,<f00 

46,081 

1,500 

1,600 

1.800 


TOTAL  INDIRECT  COSTS-  — .  48,360 


TOTAL  HEURISTIC  PROGRAMMING  BUDGET- 


l-JUL-72 

TO 

30-JUN-73 
7 9,628 


13,064 


3,700 

5,400 

44,200 

1,500 

1,600 

1,800 


>$200,000 


49,088 

200,000 


XX,  TOTAL  SO-183  BUDGET¬ 


’S!, 350, 000  1,350,000 
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4,  Cognizant  Personnel 

For  contractual  matters! 

Office  of  the  Research  Administrator 
Stanford  University 
Stanfordi  California  94305 

Telephone:  (415)  321-2300,  ext.  2883 

For  technical  and  scientific  matters  regarding  the 
Artificial  Intelligence  Project! 

Prof,  John  McCarthy 

Or,  Arthur  Samuel 

Mr,  Lester  Earnest 

Computer  Science  Department 

Telephone!  (415)  321-2300*  ext.  4971 

For  technical  and  scientific  matters  regarding  the 
Heuristic  programming  project! 

Prof,  Edward  Felgenoaum 
Computer  Science  Department 
Telephone!  (415)  321-2300,  ext,  4878 

Prof,  Joshua  Lederberg 
Genetics  Department 

Telephone!  (415)  321-2300,  ext,  5052 

For  administrative  matters,  Including  questions 
relating  to  the  bddget  or  property  acquisition! 

Mr,  Lester  0,  Earnest 
Mr,  Norman  Briggs 
Computer  Science  Department 
Stanford  University 
Stanford,  California  94305 

Telephone!  (415)  321-2300,  ext.  4971 
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APPfclND  I  X  A 


PUBLICATIONS 


Articles  and  books  by  members  of  the  Stanford  Artificial  Intel  I ioence 
Project  are  listed  here  by  year,  Only  publications  f  o 1 | o w I  no  the 
Individual's  affiliation  with  the  Project  are  given, 

1963 

1,  J,  McCarthy,  "A  Basis  for  a  Mathematical  Theory  of  Computat I on» " 

In  P,  Blaffort  and  0,  Hershberg  (eds,),  Computer  Programming 
and  Formal  Systems#  North-no  I  land,  Amsterdam,  l96jt 

2,  J,  McCarthy,  "Towards  a  Mathematical  Theory  of  Computation#"  In 

Proc,  I F I P  Congress  62,  North-Ho  I  land,  Amsterdam,  1963, 

3,  J,  McCarthy  (with  S,  Bollen,  E,  Fredkln,  and  J.C.R,  Llck||der)» 
"A  Time-Sharing  Debugging  System  for  a  Small  Computer#"  In 
Proc,  AFIPS  C0nf,  (SJCC),  Vol,  23,  1963, 

4,  J.  McCarthy  (with  F,  Corbato  and  M,  Uaggett),  "The  Unking 
Segment  Subprogram  Language  and  Linking  Loader  Programming 
Languages,"  Comm,  ACM,  Ju|y,  1963, 

1965 

1,  ,  J , '  McCarthy,  "Problems  In  the  Theory  of  Computation,"  in  Proc, 
IFIP  Congress  65,  Spartan,  Washington,  D.C.,  1965, 

1966 

1,  A,  Hearn,  "Computation  of  Algebraic  Properties  of  Elementary 

Particle  Reactions  Using  a  Digital  Computer,"  Comm,  ACM,  9,  pp, 
573-577,  August,  1966, 

2,  J.  McCarthy,  "A  Formal  Description  of  a  Subset  of  Algol#"  in  T, 

Steele  (ed,),  Formal  Language  Description  Language?# 
North-Ho | | and,  Amsterdam#  1966, 

3,  J,  McCarthy,  "Information,"  Scientific  American,  September, 

1966, 

4,  J,  McCarthy,  "Time-Sharing  Computer  Systems,"  In  w,  Orr  (ed,), 
Conversational  Computers,  Wiley,  1966, 

5,  U ,  Reddy#  "Segmentation  of  Speech  Sounds,"  J,  Acoust,  Soc, 

Amer,#  August  19*6, 
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ir~r 


1967 


1.  S,  Brodsky  and  J,  Sullivan,  "W-^oson  Contribution  to  the 
Anomalous  Magnetic  Moment  of  the  Muon,"  Phys  Rev  156,  1644. 
1967, 

2.  J.  Campbell,  "Algebraic  Computation  of  Radiative  Corrections  for 

Electron-Proton  Scattering,"  Nuclear  Physics,  Vol.  81,  dd. 
236-300,  1967, 

3.  E,  Felgenbsum,  "Information  Processing  and  Memory,"  |n  Proc. 

Fifth  Berkeley  Symposium  on  Mathematical  Statistics  and 
Probability,  Vo | ,  4,  u.C,  Press,  Berkeley,  1967. 

4*  J*  Goodman,  "Digital  Image  Formation  from  Electronically 
Detected  Ho|Ograms,"  In  Proc,  SP1E  Seminar  on  Digital  Imaging 
Techniques,  Soc.  Photo-Out  I  ca |  Instrumentation  Engineering, 
Redondo  Beach,  California,  1967, 

Goodman,  "Digital  Image  Formation  from  Electronically 
Detected  Holograms,"  Applied  Physics  Letters,  August  1967, 

6.  A,  Hearn,  "REDUCE,  A  User-Or | anted  Interactive  System  for 

Algebraic  Simplification,  Proc,  ACM  Symposium  on  Interactive 
Systems  for  Experimental  Applied  Mathematics,  August  1967, 

7.  J,  lederberg,  "Hamilton  Circuits  of  Convex  Trlvalent  Polyhedra," 

American  Mathematical  Monthly  74,  522,  Ma.‘  1967. 

8»  J*  McCarthy,  D.  Brian,  G,  Feldman,  and  J,  A||8n,  "THOR— A 

D|spla.y^Based  T|me-Shar|ng  System,"  AFlPs  Conf,  Froc.*  V0 1 . 
30,  (FJCC),  Thompson,  Washington,  D.C.,  1967, 

9*  J.  McCarthy,  "Computer  Control  of  a  Hand  and  Eye,"  In  Proc, 

Third  All-Union  Conference  on  Automatic  Control  (Technical 
Cybernetics),  Nauka,  Moscow,  ^67  (Russian), 

l0*  J,  McCarthy  and  J,  Painter,  "Correctness  of  a  Compiler  for 
Arithmetic  Expressions,"  Amer,  Math,  Soc,,  Proc,  Symposia  In 
Applied  Math,,  Math,  Aspects  jf  Computer  Science,  New  York, 
1967, 

11,  D,  Reddy,  "Phoneme  Grouping  for  Speech  Recognition,"  J,  Acoust, 
Soc,  Amer,,  May,  1967, 

12,  D,  Reddy,  "P|tch  Period  Determination  of  Speech  Sounds,"  Comm, 
ACty,  June,  1967 , 

13,  D,  Reddy,  Computer  Recognition  of  Connected  Speech,"  J,  Acoust, 
Soc,  Amer,,  August,  1967, 
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14,  A,  Samuel,  "Studies  In  Machine  Learning  Using  the  Game  of 
Checkers,  II-Recent  Progres  o, "  I UM  Journal#  November#  *967, 

15,  G,  Sutherland  (with  G,W,  Evans  and  G.F.  Wallace),  Simulation 
Using  Digital  Computers.  Pr ent 1 ce-Ha I | #  Enoelwood  C|lffs#  N,J,, 
1967i 


1968 

1,  E,  Fe|genbaum,  j,  Lederberg  and  8,  Buchanan#  "Heuristic  Dendral"# 

Proc#  International  Conference  on  System  Sciences,  University 
of  Hawaii  and  IEEE#  University  of  Hawaii  Press#  1968, 

2,  E,  Felgenbaum,  "Artificial  Intelligence:  Themes  In  the  Second 

Decade"#  Proc,  I F I P  Congress#  196b, 

3,  J,  Feldman  <w|th  D,  Grles)#  "Translator  Writing  Systems",  Comm. 

ACm,  February  1968, 

4,  J,  Feldman  (w|th  P,  Rovner),  "The  Leap  Language  Data  Structure"# 

Proc#  IFIP  Congress,  1968, 

5,  R,  Gruen  and  W#  Welher#  "Rapid  Program  Generation",  Proc,  DECUS 

Sympos I um,  Fail  1968  , 

6,  A,  Hearn,  "The  Problem  of  Substitution"#  Proc,  IBM  Summer 

Institute  on  Symbolic  Mathematics  by  Computer#  Ju|y  1968, 

7,  D,  Kaplan,  "Some  Completeness  Results  |n  the  Mathematical  Theory 

of  Computation"#  ACM  Journal#  January  1968, 

8,  J,  Lederberg  and  E,  Fe|genbaum#  "Mechanization  of  Inductive 

Inference  |n  Organic  Chemistry"#  In  d,  Klelnmuntz  (ed,), 
Formal  Representation  of  Human  Judgment,  John  Wiley,  New  York, 
1968, 

9,  J,  McCarthy,  "Programs  w|th  Common  Sense"  |n  M,  Minsky  (ed.), 

Semantic  Information  Processing#  MIT  Press#  Cambridge,  1968, 

10,  J,  McCarthy,  l,  Earnest#  D,  Reddy,  and  P,  Vlcens,  "A  Computer 
with  Hands#  Eyes#  and  Ears"#  Proc,  AFlPS  Conf,  (FJCC),  1968, 

11,  K,  P|ng|e,  J,  Singer,  and  W,  Wlchman,  "Computer  Control  of  a 
Mechanical  Arm  through  Visual  Input",  Proc,  IFIP  Congress  i960, 
1968, 

12,  D,  Reddy,  and  Ann  Robinson#  "Phon&me-to-Grapheme  Translation  of 
English"#  IEEE  Trans,  Audio  and  Electroacoustics#  June  i960, 

13,  0,  Reddy#  "Computer  Transcription  of  Phonemic  SymbOiS"#  J, 

Acoust,  Soc,  Amer,#  August  1968, 
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14,  D,  Reddy,  and  P,  V|cens,  "Procedure  for  Segmentation  of 

Connected  Speech",  J,  Audio  Eng,  Soc,,  October  1968, 

15,  0,  Reddy,  "Consonantal  Clustering  and  Connected  Speech 

Recogn 1 1 1  on" ,  Prop,  Sixth  International  Congress  on  Acoustics, 
Vol,  2,  ;  u ,  C-57  to  C-60,  Tokyo,  1968, 

16,  A,  SMvestr!  and  J,  Goodman,  "Digital  Reconstruction  of 
Holographic  Images",  1968,  NEREM  Record,  IEEE,  Vo|,  10,  dp, 
118-119,  1968, 

17,  L,  Tesler,  H,  Enea,  and  K,  Colby,  "A  Directed  Graph 

Representation  for  Computer  Simulation  of  Belief  Systems", 
Math,  Bio,  2,  1968, 


1969 

1,  J.  Beaucnamp  (w|th  H,  Von  Foerster)  (eds.),  "Music  by  Computers", 

John  Wiley,  New  York,  1969, 

2,  J,  Seeker,  "The  Modeling  of  Simple  Analogic  and  Inductive 
Processes  In  a  Semantic  Memory  System",  Proc.  International 
Conf,  on  Artificial  Intelligence,  Washington,  D,C,,  1969, 

3,  B,  Buchanan  and  G,  Sutherland,  "Heuristic  Dendrai:  A  Program  for 

Generating  Hypotheses  In  Organic  Chemistry",  In  D,  Mlchle 
(ed,),  Machine  intelligence  4,  American  Elsevier,  New  York, 
1969, 

4,  B,  Buchanan  (with  C,  Churchman),  "On  the  Design  of  Inductive 

Systems:  Some  Philosophical  Problems",  British  Journal  for  the 
Philosophy  of  Science,  2fl,  1969,  pp,  311-323, 

5,  K,  Co|by,  L,  Tesler,  and  H,  Enea,  "Experiments  w|th  a  Search 

Algorithm  for  the  Data  Base  of  a  Human  Belief  System",  Pr*c, 
International  Conference  on  Artificial  Intelligence, 
Washington,  0,C,,  1969, 

6,  K,  Colby  and  D,  Smith,  "Dialogues  between  Humans  and  Artificial 

Belief  Systems",  Proc,  International  Conference  on  Artificial 
Intelligence,  Washington,  D,C,,  1969, 

7,  A,  Ogffleld,  A,  Robertson,  C,  UJerassI,  B,  Buchanan,  G. 
Sutherland,  E,  Felgenbaum,  and  J,  Lederberg,  "Application  of 
Artificial  Intelligence  for  Chemical  Interference  II, 

I ntei  pretat | on  of  Low  Resolution  Mass  Spectra  of  Ketones",  J, 
*irer,  Chem,  Soc,,  9UH,  May  1969, 

8,  J,  Feldman,  G,  Feldman,  G,  Falk,  G,  Grape,  J,  Pearlman,  I,  Sobel, 

and  J,  Tenenbaum*  "The  Stanford  Hand-Eye  Project",  Proc. 
International  Conf,  on  ArtlfK  a|  Intelligence,  Washington, 
O.C,,  1969, 
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9,  J,  Fe|dman  (w|th  P,  Rovner),  "An  A|gol-based  Associative 

Language"*  Comm,  ACM,  August  1969, 

10,  T,  Ito,  "Note  on  a  Class  of  Statistical  Recognition  Functions", 
IEEE  Trans,  Computers*  January  1969, 

11,  D,  Kap  |an, "Regu | ar  Expressions  and  the  Completeness  of  Programs"* 
J,  Comp,  $  System  Sc!,*  Vo|,  3,  No,  4,  1969, 

12,  J.  Leder^erg,  'Topology  of  Organic  Molecules",  National  Academy 
of  Sc|erc>,  The  Mathematical  Sciences:  a  Collection  of  Essays, 
MIT  Press,  Cambridge,  1969, 

13,  J,  Lederberg,  G,  Sutherland,  6,  Buchanan,  E,  Felgenbaum*  A, 
Robertson,  A,  Duffleld*  and  C,  Djerassl.  "Applications  of 
Artificial  Intelligence  for  Chemical  Inference  I*  The  number 
of  Possible  Organic  Compounds:  Acyclic  structures  Containing  C, 

H,  o,  and  N",  J,  Amer,  Chem,  Soc,»  9i:ii,  May  1969, 


14. 

2,  Manna, 
Ca  1  cu | us", 

"Properties  of  Programs  and  the  First  Order 
J,  ACM,  Apr  1  1  1969, 

Pred 1  cate 

15. 

?,  Manna, 
Sc  i  ences. 

"The  Correctness  of 
May  1969. 

Programs",  J. System  and 

Computer 

16. 

2.  Manna 

and  A ,  Pnue  '  1 , 

"Formalization  of  Properties  of 

Recursively  Defined  Functions",  proc,  ACM  Symposium  on 
Computing  Theory,  May  1969, 

17,  J,  McCarthy  and  P,  Hayes*  "Some  Philosophical  Problems  from  the 
Standpoint  of  Artificial  Intelligence",  In  D,  Mlchle  (edt>, 
Machine  Intelligence  4,  American  Lisevler,  New  York,  1969, 

18,  0,  Montanarl,  "Continuous  Skeletons  from  Digitized  Images", 
JACM,  October  1969, 

19,  R,  Paul,  G,  Fa|k,  J,  Feldman,  "The  Computer  Representation  of 
Simply  Described  Scenes",  Proc,  2ND  Illinois  Graphics 
Conference,  Unlv,  Illinois*  April  I969, 

20,  R,  Schank  and  L,  Tesler,  "A  Conceptual  Parser  for  Natural 
Language",  Proc,  International  Joint  Conference  on  Artificial 
Intelligence*  Washington*  O.C,,  1969, 

21,  G,  SchroM,  A,  Duf*le|d,  C,  Djerassl,  B,  Buchanan,  G, 
Sutherland*  E,  Felgenbaum,  and  J,  Leder0e'’9,  "Applications  of 
Artificial  Intelligence  for  Chemical  Inference  III,  Aliphatic 
Ethers  Diagnosed  by  Their  Low  Resolution  Ma-s  spectra  and  NMR 
Data",  J,  Amer,  C-  ;m,  Soc.,  9i:26,  December  1969, 
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1970 


1. 


J(  Allen  and  0,  Luckham,  "An  Interactive 
Ir  B,  Meltzgp  and  D,  Mlch|e  (eds,), 
Edinburgh  University  Press,  1970, 


Theorem-Proving  Program" 
Machine  Intelligence  5, 


2.  B,  Buchanan,  G,  Sutherland,  and  E.  Fe|genbaum,  "Rediscovering  some 
Prob  ems  of  Artificial  Intelligence  In  the  Context  of  Organic 
Chem  stry  |n  8.  Meltzer  and  0,  Mlchle  (eds),  Machine 
Intelligence  5,  Edinburgh  University  Press,  1970, 


3, 


B,  Buchanan  and 
Intelligent  and 
November  1970, 


T,  Headrick,  "Some  Speculation  about  Artificial 
legal  Reasoning",  Stanford  i.aw  Review, 


????*?“?'  A'  Duff|eld’  A.  Robertson,  "An  apd  |  |  Ca  t  ?  on  of 
Artificial  intelligence  to  the  Interpretation  of  Mass  Spectra", 
In  Mass  Spectrometry  (G.W,  Milne,  ed,).  Wiley,  1970, 

UeifinoUChH'  rA*k  Duff,i0ld*  G-  SChro|i,  c,  Ojerassl,  A. 
Uclflno,  B  Buchanan,  G,  Sutherland,  E,  Feigerbaum,  and  J. 

Lederberg.  "Appl  Icatlons  of  Artificial  Intelligence  for  Chemical 
Inference  IV,  Saturated  Am|nes  Diagnosed  by  their  Low  Resolution 
Mass  Spectra  and  Nuclear  Magnetic  Resonance  Spectra",  j.  Amer 
Uhem,  Soc,  92523,  November  1970,  * 

A.  Buchs,  A.  De|f|no,  A,  Duff  I e | d,  C,  Djerassl,  B,  Buchanan,  E. 
*l9enbaun,  J,  Lederberg,  "Applications  or  Artificial 

Methln  nr"0!  tf°r  ln^«r0nce  VI.  Approach  to  a  General 

Method  of  Interpreting  L0w  Resolution  Mass  cbectra  with  e 
Loirputer",  Helvetica  Chemlca  Acta,  5356,  1970, 

K,  C°|by,,,M|nd  and  Brain  Again",  W,  McCullough  Memorial  Vol.  of 
Math ,  Bio,,  1970, 


E,  Feigenbaum,  chapter  In  Readiness  to  Remember,  D,  p 
ied.),  Gordon  and  Breach,  1970,  * 


K Imba  I  I 


9*  ,  *•  ”vl3ual  Perception  by  a  Computer",  In  Automatic 

Interpretation  and  classification  of  Images,  Academic  Press,  New 

T  0  p  K  #  1970, 

10.  J.  Lederberg,  G.  Sutherland,  B,  Buchanan,  E.  Feigenbaum,  "A 
Heuristic  Program  for  Solving  a  Scientific  Inference  Problem: 
Summary  of  M0t|vat(on  and  Implementation",  In  m,  Mesarovlc 
ten,),  Theoretical  Approaches  to  Non-numer I ca I  Problem  Solving. 
Spr I nger-ver | ag,  New  York,  1970, 

11*  Luckham,  "Refinement  Theorems  |n  Resolution  Theory",  Proc 

1968  I R I A  Symooslum  In  Automatic  Deduction,  Var  villas.  France’ 
Spr  Inger-Ver lag,  1970,  '  0  * 
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.  Uuckham  (with  D,  Park  and  M,  Pb  . arson)#  H0n  Formalised 
l-omputer  Programs",  J.  Comp,  a  System  Sc  | , ,  vo|,  4,  No,  3,  June 

13'  fL f.«ftnra  ?nd  McCarthy'  "Properties  of  Programs  and  Partial 
aLos ,®"  'n,B*  Meltzer  and  0,  Mlchle  (eds,),  Machine 
Intelligence  5,  Edinburgh  University  Press#  1970, 

14'  |M?n?aI  ,"!h0  Correctness  of  Non-Determ  I  n  I  st  I  c  Programs", 

Artificial  Intelligence  Journal,  Vo  I •  1,  No,  1,  1970, 

l5,  4;BH,r?J\?‘eo?d‘orfl*:  Tr"’°'v  c™ouut\o„% 

Proc,  ACM  Symposium  on  Theory  of  Computing,  May  1970, 

16*  d.  .  Z:,  .MTa  and  t •  Pnue|,»  "formalization  of  Properties  of 
Recursively  Defined  Functions",  J,  ACM,  July  1970, 

17.  _U,  Montanarl,  "A  Note  on  Minima)  Length  Polygonal  Approximation 

to  a  Digitized  Contour",  Comm,  ACM,  January  1970, 

18‘  JACn!  Apr 71*1970!  ,,0n  Um,t  Propert,es  in  digitization  Schemes". 

19.  M,  Soma | v | co  (w|th  G,  Bracchl),  "An  Interactive  Software  System 

I°rm  ^2“  ?r’a,d,<l  °«Hn<  An  AppUctlon  to  CIrcul?  ?rojec” 
Comm,  ACM,  September  1970,  roject  , 

20.  0.  Waterman,  "Generalization  Learning  Techniques  for  Automating 
iXt/S1"  Heur  I  st ics”,  j.  ‘rtlficl.l  Int.llu.nc,  HI? 


1971 

X*  M«,htni0^0!t;,,TormallZat|on  of  Properties  of  Para  I  I  a  |  Programs", 
Machine  intelligence  6,  Edinburgh  Un|v,  Press,  1971, 

2.  t,  Felgenbaum,  B,  Buchanan,  J.  Lederberg,  "On  General Itv  .nn 

Machine  int'n?92  A  CaSB  Study  using  the  OENDRai  Program", 

achlne  Intelligence  6,  Edinburgh  Unlv,  Press,  1971,  ^ 

3.  Y,  Sheikh,  A,  BuChs,  A  De|f|no,  b,  Buchanan,  G,  Sutherland  i 

InfIrr2n«2’v,,At>?l,Jat|0nS  °f  Art,flclal  Intelligence  for  Chemical 
Inference  V.  An  Approach  to  the  Computer  Generation  of  Cvcii! 
Structure.  Dlff.r.ntl.tlon  B.two.n  All  th.  PosslSl,  some  f 
K.ton.c  of  Compos  1 1 1  on  C.Htc-,  Orjanlc  M.ss  Sp.etrctry  Jin 
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APPENDIX  d 


THESES 

Theses  that  have  been  published  by  the  Stanford  Artificial 
Intelligence  Project  are  listed  here,  Several  earned  degrees  at 
Institutions  other  than  Stanford#  as  noted,  Abstracts  of  recent  A, 
I,  Memos  are  given  |n  Appendix  0, 

AIM-43,  D,  Raj  Reddy,  AN  APPROACH  TO  COMPUTER  SPEECH  RECOGNITION  BY 
DIRECT  analysis  0F  THE  Speech  WAVE,  ph.D,  Thesis  In  Computer 
Science,  September  1966, 

AIM-46,  S,  Persson,  SOME  SEQUENCE  EXTRAPOLATING  PROGRAMS!  A  STUDY  OF 
REPRESENTATION  AND  MODELING  IN  INQUIRING  SYSTEMS,  Ph.D.  Thesis 
In  Computer  Science,  University  of  California,  Berkeley, 
September  1966, 

AIM-47,  Bruce  Buchanan,  LOGICS  OF  SCIENTIFIC  DISCOVERY,  Ph.D.  Thesis 
In  Philosophy,  University  of  California,  Berkeley,  December 

1966. 

AIM-44,  James  Painter,  SEMANTIC  CORRECTNESS  OF  A  COMPILER  FOR  AN 
ALGOL-LIKE  LANGUAGE,  Ph.D,  Thesis  |n  Computer  Science,  March 

1967, 

AIM-56,  William  W|chman,  USE  OF  OPTICAL  FEEDBACK  IN  THE  COMPUTER 
CONTROL  OF  AN  ARM,  Eng,  Thesis  In  Electrical  Engineering,  August 
1967, 

AIM-58,  M,  Cillero,  AN  ADAPTIVE  COMMAND  AND  CONTROL  SYSTEM  UTILIZING 
HEURISTIC  LEARNING  PROCESSES,  Ph.D,  Thesis  In  Operations 
Research,  December  1967, 

AIM-60,  Donald  Kaplan,  THE  FORMAL  THEORETIC  ANALYSIS  OF  STRONG 
EQUIVALENCE  FOR  ELEMENTAL  PROPERTIES,  Ph.D.  Thesis  m  Computer 
Science,  July  1968, 

AIM-65,  Barbara  Huberman,  A  PROGRAM  TO  PLAY  CHESS  END  GAMES,  Ph.D, 
Thesis  In  Computer  Science,  August  1968, 

AIM-73,  Donald  Pleper,  THE  KINEMATICS  OF  MANIPULATORS  UNDER  COMPUTER 
CONTROL,  Ph.D,  Thesis  In  Mechanical  Engineering,  October  1968. 

AIM-74,  Donald  Waterman,  MACHINE  LEARNING  OF  HEURISTICS,  Ph.D,  Thesis 
In  Computer  Science,  December  1968, 

AIM-83,  Roger  Schank,  A  CONCEPTUAL  DEPENDENCY  REPRESENTATION  FOR  A 
COMPUTER  ORIENTED  SEMANTICS,  Ph , D ,  Thesis  In  Linguistics, 
University  of  Texas,  March  1969, 
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AIM-85,  Pierre  Vlcens,  ASPECTS  OF  SPEECH  RECOGNITION  BY  COMPUTER, 
Ph , D ,  Thesis  In  Computer  Science,  March  1969, 

AIM-92,  Victor  D,  Schelnman,  DESIGN  UF  COMPUTER  CONTROLLED 
MANIPULATOR,  Eng,  Thesis  In  Mechanical  Englneerlnfl,  June  1969, 

AIM-96,  Claude  Cordell  Green,  THE  APPLICATION  OF  THEOREM  PROVING  TO 
QUESTION-ANSWERING  SYSTEMS,  Ph.D,  Thesis  In  Electrical 

Engineering,  August  1969, 

AIM-98,  James  J,  H0rnlr«g,  A  STUOf  OF  GRAMMATICAL  INFERENCE,  Ph,D, 
Thesis  In  Computer  Science,  August  1969, 

AIM-106,  Michael  E,  Kahn,  THE  NEAR-MINIMUM-TIME  CONTROL  OF  OPEN-LOOP 
ARTICULATED  KJNEMATIC  CHAINS,  Ph.D,  Thesis  In  Mechanical 

Englneer!ng,  December  1969, 

AIM-121,  Irwin  Sobel,  CAMERA  MODELS  AND  MACHINE  PERCEPTION,  Ph.D, 
Thesis  In  Electrical  Engineering,  May  1970, 

AiM-130,  Michael  D,  Kelly,  VISUAL  IDENTIFICATION  OF  PEOPLE  BY 
COMPUTER,  Ph.D,  Thesis  In  Computer  Science,  July  1970, 

AIM-132,  Gilbert  Fa|k,  COMPUTER  INTERPRETATION  OF  IMPERFECT  LINE  DATA 
AS  A  THREE-DIMENSIONAL  SCENE,  Ph.D,  Thesis  In  Electrical 

Engineering,  AugUst  1970, 

AIM-134,  Jay  Mapt|n  Tenenbaum,  ACCOMMODATION  IN  COMPUTER  VISION, 
Ph.D,  Thesis  In  Electrical  Engineering,  Septan.,..  r  1970, 


Appendix  C 
FILM  REPORTS 

Prints  of  the  following  films  are  available  for  short-term  loan  to 
Interested  groups  without  charge,  They  may  be  shown  on|y  to  groups 
that  have  paid  no  admission  fee,  To  make  a  reservation,  write  to: 
Artificial  Intelligence  Project  Secretary 
Computer  Science  Department 
Stanford  University 
Stanford*  California  94305 

Alternatively,  prints  may  be  purohased  at  cost  (typically  $30  to  $50) 
from: 

C|ne-Chrome  Laboratories 
4075  Transport  St, 

Palo  Alto,  California 

1,  Art  Elsenson  and  Gary  Feldman,  **E  |  I  |  s  D,  Kroptechev  and  Zeus,  his 

Marvelous  Time-Sharing  System”,  16mm  black  and  white  with 
sound,  15  minutes,  March  1967, 

The  advantages  of  t|me-shar|ng  ov„r  standard  batch  Processing  are 
revealed  through  the  good  offices  of  the  Eeus  time-sharing  system  on 
a  PDP-1  computer.  Our  hero,  Ellis,  Is  saved  from  a  fate  worse  tnan 
death,  Recommended  for  mature  audiences  only, 

2,  Gary  Feldman,  "Butter f I nger”,  16mm  color  with  sound,  8  minutes, 

March  1968, 

Describes  the  state  of  the  hard-eye  system  at  the  Artificial 
Intelligence  Pr0Ject  In  the  fail  0f  1967,  The  PDP-6  c0mputer  getting 
visual  Information  from  a  television  camera  and  co  trolling  an 
e I ectr 1 ca I -mechan | ca I  arm  solves  s|mp|e  tasks  Involving  stacking 
blocks,  The  techniques  of  recognizing  the  blocks  and  their  positions 
as  well  as  controlling  the  arm  are  briefly  presented.  Rated  "G". 

3,  Raj  Reddy,  Dave  Esoar  and  Art  E|senson,  "Hear  Here",  16mm  color 

with  sound,  15  minutes,  March  1969, 

Describes  tne  state  of  the  speech  recognition  project  as  of  Spring, 
1969,  A  discussion  of  the  problems  of  speech  reoognltlon  Is  followed 
by  two  real  time  demonstrations  of  the  current  system.  The  first 
shows  the  computer  learning  to  recognize  phrases  and  second  shows  how 
the  hand-eye  system  may  be  controlled  by  voice  commands,  Commands  as 
complicated  as  "Pick  up  the  small  block  In  the  lower  lefthand 
corner",  are  recognized  and  the  tasks  are  carried  out  by  the  computer 
control  I ed  arm, 

4,  Gary  Feldman  and  Donald  Pelper,  "Avoid",  16mm  silent,  color,  5 

minutes,  March  1969, 


Reports  on  a  computer  program  written  by  D,  Pelper  for  his  Ph,Dt 
Thesis,  The  problem  is  to  move  the  computer  controlled 
e ! ectr I ca I -mechan I ca I  arm  through  a  space  Tilled  with  one  or  more 
known  obstacles,  The  program  uses  heuristics  for  finding  a  safe 
oath*,  the  film  demonstrates  the  arm  as  It  moves  through  various 
cluttered  environments  wit*  fairly  good  success, 
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Appendix  0 

ARTIFICIAL  INTELLIGENCE  MEMUS 

These  memos  report  research  results,  Abstracts  of  memos  published  In 

,a*Br  are  listed  here,  For  an  earlier  list  going  back  to  1963, 
see  AJM-117, 

Interested  researchers  may  obtain  available  copies  upon  reouest  to.* 
Artificial  Intelligence  Project  Secretary 
Computer  Science  Department 
Stanford  University 
Stanford,  California  94305 
Alternatively,  they  are  available  from? 

Clearinghouse  for  Federal  Scientific 
and  Technical  Information 
Springfield,  Virginia  22151 

The  Clearinghouse  charges  $3,00  per  full  size  copy  and  $.95  for  a 
microfiche  oopy, 


1970 

AIM-108,  Michael  0,  Kelly,  EDGE  DETECTION  IN  PICTURES  BY  COMPUTER 
USING  PLANNING,  January  1970,  2d  pages 

This  paper  describes  a  program  for  extracting  an  accurate  outline  of 
a  man's  head  from  a  digital  picture,  The  program  accepts  as  Input 
digital,  grey  scale  pictures  containing  people  standing  In  front  of 
various  backgrounds.  The  output  of  the  program  Is  an  ordered  Mat  of 
the  points  which  form  the  outline  of  the  head,  The  edges  of 
bacKground  objects  and  the  Interior  detaMs  of  the  head  have  been 
suppressed, 

The  program  Is  successful  because  of  an  Improved  metnod  for  edge 

f r .  I'll!0?.  ,UseS  heurlst,c  Pining,  a  technique  drawn  from 
artificial  Intelligence  research  In  problem  solving,  A  brief,  edge 
detection  using  Planning  consists  of  three  steps,  A  new  digital 
picture  Is  prepared  from  the  original;  the  new  picture  Is  smaller  and 
has  less  detail,  Edges  of  objects  are  located  in  the  reduced  p jctu?I. 
The  edges  found  In  the  reduced  picture  are  used  as  a  plan  for  finding 
edges  In  the  original  picture. 

AIM-109,  Roger  C,  Schank,  Lawrence  Tesler,  and  Sylvia  Weber,  SPIKJZA 

*  I  *  conceptual  case-based  natural  language  analysis,  January 

1“70,  107  pages, 

This  paper  presents  the  theoretical  changes  that  have  developed  In 
Conceptual  Depender.sy  Theory  and  their  ramifications  In  computer 
analysis  of  natural  language,  The  major  Items  of  concern  a*et  the 
elimination  of  reliance  on  "grammar  rules"  for  parsing  w|th  the 
emphasis  given  to  conceptual  rule  based  parsln.,,  the  development  of  a 
conceptual  case  system  to  account  for  the  power  of 
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conrtntiin  !  '  *  *  ^  1  ons*  the  catego  r  |  zat  |  on  of  ACT's  based  on  permissible 

theory  of  language  understanding,  career  ana  a 

*IH-U0,Edw.rd  Ashcroft  ,nd  iohar  Manna,  FORMALIZATION  OF  PROPERTIES 
Of  PAHALUtL  prvQGRAMS,  February  1970.  58  pages. 

W*descr'b®  8  c|ass  of  P«r«'  '« 1  Programs  and  give  a 
calculus,  certain  properties  of  such  programs  In  predicate 

Although  our  programs  are  syntactically  simple,  they  do  exhibit 

ililit?1  °#  f8tw«en  asynchronous  Parallel  processes*  which  I  s  the 
essential  feature  w0  wish  to  consider,  The  formalization 
be  extended  to  more  complicated  programs,  y 

Also  presented  Is  a  method  of  simplifying  parallel  i 

construct, n,  .I..,..  .nt  pfoirim,?  bSIS'il  th!  !  J  i„d  ^ 

Of  statements  in  them,  w|th  these  s  |  mp  |  |  cat  1 0ns  our  form???*!!?! 
alv.s  .  practical  m.thod  for  craving  prop.rtl.a  of  ,Sch  ' 


AIM-111,  7ohar  Manna,  SECOND-OROER  MATHEMATICAL 
COMPUTATION.  March  1970,  25  pages. 
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algorithms  |n  second-order  predicate  calculus, 

hnue°TnrJ  W*  ??°W  ?hat  f0r  any  9,ven  »l0°rlthm  It  suffices  to  know 
how  to  formalize  Its  "partial  correctness"  by  a  second-order  formn?? 

In  ordar  to  formal Iza  all  oth.r  oropartlas  by  a.cond-ord./foriulaS. 

I,!*  S!SUbJ.  °,l  !nt,r,at  "Part  I  a  I  cprr.ctn.sa*  has 

c  lasaaa  o?  "goruhja!  or.dlc.t.  c.lculga  for  many 

w0rs,"t,tl at  th*  ach  symoosiun  °n  Th“f*  •» 

AIM-U?,  Franklin  0  hi  if.  K.nn.th  Mark  Colby,  David  c.  smith,  ,nd 

William  K,  W|ttner,  MACHINE-MEDIATED  INTERVIEWING,  March  1970 
c /  pages,  ' 

Ani#C?niQUei°f  psychlatrlc  Interviewing  Is  described  In  which  patient 
and  Interviewer  communicate  by  means  of  •smotely  located  teletypes 
Advantages  of  non-nonverba |  communication  In  the  studv  of 

«a?on«r'%oln,*rVi,"r  ,na  ln  th‘  -•''•lw~ntB.»*!*c.S!Ur  p  pgjl: 
designed  to  conduct  psychiatric  Interviews  are  dlsoissid 
Transcripts  from  r epr esentat I ve  Interviews  are  reproduced. 
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MM-U3,  Kenneth  M,  Colby,  Franklin  R,  H||f,  William  A,  Hall,  A  MUTE 

^IJENT  S  EXpERIENCE  W1TH  MACHINE-MEDIATED  INTERVIEWING,  March 
1970,  19  pages, 

A  hospitalized  mute  patient  participated  In  seven  machine-mediated 
nterv  ews,  excerpts  of  whlcn  are  presented,  After  the  fifth 
Interview  he  began  to  use  spoken  language  for  communication.  This 
novel  teohnlque  Is  suggested  for  patients  who  are  unable  to 
participate  In  the  usual  vis-a-vis  Interview, 

AIM-114,  A,w,  b|ermann  and  J.A,  Fe|dman,  UN  THE  SYNTHESIS  OF 
FINITE-STATE  ACCEpTgRS,  April  1970,  31  pages, 

Two  algorithms  are  presented  for  solving  the  foil  ig  problem: 
Given  a  f|n  te-set  S  of  strings  of  symbols,  f|nd  inlte-state 

?h  fh.  W|,‘  ace0Dt  the  springs  of  s  a-'  possibly  some 
additional  strings  which  "resemble"  those  of  S.  The  tjproach  used  Is 
to  directly  construct  the  states  and  transitions  of  the  acceptor 
machine  from  the  string  I  formation,  The  algorithms  Include  a 
parameter  which  enable  one  tc  Increase  the  exactness  of  the  resulting 
machine  s  behavior  as  much  as  desired  py  Increasing  the  number  of 
states  In  the  machine.  The  properties  of  the  algorithms  are 
presented  and  Illustrated  with  a  number  of  examples. 

The  paper  gives  a  method  for  Identifying  a  finite-state  language  from 
a  randomly  chosen  finite  subset  of  the  language  If  the  subset  Is 
large  enough  and  If  a  bound  Is  known  on  the  number  of  states  required 
to  recognize  the  language,  Finally,  we  discuss  some  of  the  uses  of 

Inference  thmS  ^  th8lr  r8|atlonsh|p  to  the  prcb|em  of  grammatical 

AIM-115,  Ug0  Mont^narl,  ON  THE  OPTIMAL  DETECTION  OF  CURVES  IN  NOISY 
PICTURES,  March  1970,  35  pages, 

recognizing  systems  of  lines  Is  presented,  In  which 
the  heuristic  of  the  problem  Is  not  embedded  In  the  recognition 
algor  thm  but  Is  expressed  ]n  a  figure  of  merit.  a  multistage 
decision  process  |s  then  able  to  recognize  In  the  Input  picture  the 
optimal  system  of  lines  according  to  tne  given  figure  of  merit.  Due 
to  the  global  approach,  greater  flexibility  and  adequacy  In  the 
particular  problem  |s  achieved.  The  relation  between  the  structure 
of  the  figure  of  merit  and  the  complexity  of  the  optimization  process 
Is  then  discussed,  The  method  described  Is  suitable  for  parallel 
processing  because  the  operations  relative  to  each  state  can  pe 
computed  In  parallel,  and  the  number  of  stages  Is  equal  to  the  length 
N  of  the  curves  (or  to  |og2(N)  If  an  approximate  method  Is  used). 

AIM-116,  Kenneth  Mark  Colby,  M,D.,  NINO  AND  BRAIN,  AGAIN,  March  1970 
10  pages,  * 
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Classical  m|nd-braln  questions  appear  deviant  through  the  lens  of  an 
analogy  comparing  mental  processes  with  computational  processes. 
Problems  cf  reduc|b|l|ty  and  personal  consciousness  are  also 
considered  In  the  light  of  this  analogy, 

AIm-117,  John  McCarthy  and  the  Artificial  Intelligence  Project  Staff, 
E,  Felgenbaum,  J.  Lederberg  and  the  Heuristic  OENORaL  Project 
staff#  PROJECT  TECHNICAL  REPORT,  April  1970,  75  pages. 

Current  research  Is  reviewed  In  artificial  Intelligence  and  related 
areas,  Including  representation  theory,  mathematical  theory  of 
computation,  models  of  cognitive  processes,  speech  recognition,  and 
computer  vision, 

AIM-U8,  Ugo  Montanarl,  HEUR  I  ST  I CALLY  GUIDED  SEARCH  AND  CHROMOSOME 
^ATCNInG,  April  1970,  29  pages. 

Hour  I st | cal  I y  guided  search  Is  a  technique  which  takes  systematically 
Into  account  Information  from  the  problem  domain  for  directing  the 
search.  The  problem  is  to  find  the  shortest  path  In  a  weighted  graph 
from  a  start  vertax  Va  to  a  goal  vertex  vz:  for  every  Intermediate 
vertex,  an  estimate  Is  available  of  the  distance  to  Vz,  If  this 
estimate  satisfies  a  consistency  assumption,  an  algorithm  by  Hart, 
Nilsson  and  Raphael  Is  guaranteed  to  find  the  optimum,  looking  at  the 
a  priori  minimum  number  of  vertloes,  In  this  paper,  a  version  of  the 
above  algorithm  is  presented,  which  Is  guaranteed  to  succeed  with  the 
minimum  amount  of  storage,  An  application  of  this  technique  to  the 
chromosome  matching  problem  Is  then  shown,  Matching  Is  the  last 
stage  of  automatic  chromosome  analysis  procedures,  and  can  aiso  solve 
ambiguities  In  the  classification  stage,  Some  peou I  I ar 1 1 1  as  of  this 
kind  of  data  suggest  the  use  of  an  hour  I st I ca I  I y  guided  search 
algorithm  Instead  of  the  standard  Edmonds'  algorithm,  The  method 
that  we  obtain  In  this  way  Is  proved  to  exploit  the  clustering  of 
chromosome  datat  a  1 1  near-quadrat  I q  dependence  from  the  number  of 
chromosomes  Is  obtained  for  perfectly  clustered  data.  Finally,  some 
experimental  results  are  given, 

AIM-119,  J,  Becker,  AN  INFORMATION-PROCESSING  MODEL  OF  INTERMEDIATE- 
LEVEL  C0GNITi0n,  May  1970,  123  cages, 

There  Is  a  large  class  of  cognitive  operations  In  which  an  organism 
adapts  Its  previous  experience  In  order  to  respond  properly  to  a  new 
situation  -  f*or  examples  the  perceptual  recognition  of  objects  and 
events,  the  prediction  of  the  Immediate  future  (e,g.  In  tracking  a 
moving  object),  and  the  employment  of  sensory-motor  "skills",  Taken 
all  together,  these  highly  efficient  processes  form  a  cognitive 
subsystem  which  Is  Intermediate  between  the  |ow-|eve|  sensory-mo  *.or 
operations  and  the  more  deliberate  prooesses  of  high-level  "thought". 
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The  present  report  describes  a  formal  Information-processing  model 
of  this  "Intermediate-Level"  cognitive  system,  The  model  Includes 
memory  structures  for  the  storage  of  experience.  and  processes  for 
responding  to  new  events  on  the  basis  of  previous  experience,  In 
addition#  the  proposed  system  contains  a  large  number  of  mechanisms 
for  making  the  resPcnse-se I  act  I  on  process  highly  efficient,  In  spite 
of  the  vast  amount  of  stored  Information  that  the  system  must  cope 
with#  These  devices  Include  procedures  for  hour  I st I ca I  I y  evaluating 
alternative  subpr Ocesses,  for  guiding  tne  search  through  memory#  and 
for  reorganizing  the  Information  In  memory  Into  more  efficient 
r epresentat | ons , 

AIM-120,  K.  M,  Co|by.  0,C.  Smith,  COMPUTLR  AS  CATALYST  IN  THE 
TREATMENT  OF  N0NSPEAKING  AUTISTIC  CHILDREN,  April  1970,  32 
pages, 

Continued  experience  with  a  compute r -a  I dsd  treatment  method  for 
nonspeaking  autistic  children  has  demonstrated  Improvement  effects  on 
thirteen  out  of  a  series  of  seventeen  cases,  Justification  for  this 
conclusion  |s  discussed  In  detail.  Adoption  of  this  method  by  other 
research  groups  Is  needed  for  the  future  development  of 
computer-aided  treatment, 

AIM-121,  Irwin  Sobe | ,  CAMERA  MODELS  AND  MACHINE  PERCEPTION,  May  1970, 
89  pages, 

We  have  developed  a  parametric  model  for  a  computer-controlled 
moveable  camera  on  a  pan-tl|t  head.  The  model  expresses  the 
transform  relating  object  space  to  Image  space  as  a  function  of  the 
control  variables  of  the  camera.  We  constructed  a  calibration  system 
for  measuring  the  model  parameters  which  has  a  demonstrated  accuracy 
more  than  adequate  for  our  present  needs,  We  have  also  Identified 
the  major  source  of  error  In  model  measurement  to  be  undeslred  Image 
motion  and  have  developed  means  of  measuring  and  compensating  for 
some  of  It  and  eliminating  other  parts  of  It,  The  system  can  measure 
systematic  Image  distortions  If  they  become  the  major  accuracy 

limitation.  We  have  shown  how  to  generalize  the  model  to  handle 

small  systematic  errors  due  to  aspects  of  pan-tl|t  head  geometry  not. 
presently  accounted  for. 

We  have  demonstrated  the  ..odel's  application  In  stereo  vision  and 
have  shown  how  It  can  be  applied  as  a  predictive  device  in  locating 
objects  of  Interest  and  centering  them  In  an  Image, 

AIM-122,  Roger  C,  Schank#  "SEMANTICS"  IN  CONCEPTUAL  ANALYSIS, 

May  1970,  56  pages, 

Thl3  paper  examines  the  question  of  what  a  semantic  theory  should 
account  for,  Some  aspects  of  the  work  of  Katz,  Fillmore,  Lakoff  and 

Chomsky  are  discussed,  "Semantics"  Is  concluded  to  be  the 

representation  problem  with  respect  to  conceptual  analysis.  The 
beginnings  of  a  solution  to  this  problem  are  presented  In  the  light 
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of  developments  In  conceptual  dependency  theory. 

AIM-123,  Bruce  G,  Buchanan.  Thomas  E,  Headrick.  SOME  SPECULATION 
ABOUT  ARTIFICIAL  INTELLIGENCE  AND  LEGAL  REASONING,  May  1970, 
54  pages. 

Legal  reasoning  Is  viewed  here  as  a  complex  problem-solving  task  to 
which  the  techniques  of  artificial  Intelligence  programming  may  be 
applied.  Some  existing  programs  are  discussed  which  successfully 
attack  various  aspects  of  the  problem.  |n  th|s  and  other  task 
domains.  It  remains  an  open  question,  to  be  answered  by  Intensive 
research,  whether  computers  can  be  programmed  to  do  creative  legal 
reasoning.  Regardless  of  the  answer,  It  Is  ar9ued  that  much  will  be 
gained  by  the  research, 

AIM-124,  m.M,  Astrahan,  SPEECH  ANALYSIS  BY  CLUSTERING,  OR  THE 
HyPERPHONFME  METHOD,  june  1970,  22  pages, 

In  this  work,  measured  speech  waveform  data  was  used  as  a  basis  for 
partitioning  an  utterance  Into  segments  and  for  classifying  those 
segments,  Mathematical  classifications  were  used  Instead  of  the 
traditional  phonemes  or  linguistic  categories,  This  Involved 
clustering  methods  applied  to  hyper&oace  points  representing  periodic 
samples  of  speech  waveforms,  The  cluster  centers,  or  hyperphonemes 
( HPs ) »  were  usoq  to  classify  the  sample  points  by  the 
nearest-neighbor  technique,  Speech  segments  were  formed  by  grouping 
adjacent  points  w|th  the  same  classification,  A  dictionary  of  54 
different  words  from  a  single  speaker  was  processed  by  this  method. 
216  utterances,  representing  four  more  repetitions  by  the  same 
speaker  each  of  the  original  54  words,  were  similarly  analyzed  Into 
strings  of  hyperohonemes  and  matched  against  the  dictionary  by 
heur I st | ca I  I y  developed  formulas.  87X  were  correctly  recognized, 
although  almost  no  attempt  was  made  to  modify  and  Improve  the  Initial 
methods  and  parameters, 

AIM-125,  Kenneth  M,  Colby,  Sylvia  Weber,  and  Franklin  H||f( 

ARTIFICIAL  Paranoia,  ju|y  1970,  35  pages, 

A  case  of  artificial  paranoia  has  been  synthesized  In  the  form  of  a 
computer  model.  Using  the  test  operations  of  a  teletyoed  psychiatric 
Interview,  clinicians  Judge  the  Inpit-output  behavior  of  the  model  to 
be  paranoid,  Formal  validation  of  the  model  will  require  experiments 
Involving  I nd I st 1 ngu I shab I  I  1 ty  tests, 

AIM-126,  Donald  E,  Knuth,  EXAMPLES  OF  FORMAL  SEMANTICS,  July  1970, 

34  pages, 

A  technique  of  formal  definition,  based  on  relations  between 
"attributes"  associated  with  nonterminal  symbols  In  a  context-free 
grammar,  Is  Illustrated  by  several  applications  to  simple  yet  typical 
problems,  First  we  define  the  basic  properties  of  lambda  expressions. 
Involving  substitution  and  renaming  of  bound  variables,  Then  a  simple 
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programming  language  |s  defined  using  several  different  points  of 
view,  The  emphasis  Is  on  "declarative"  rather  than  "Imperative" 
forms  of  definition, 

AIM-127,  2ohar  Manna  and  Richard  J,  Waldlnger,  TOWARDS  AUTOMATIC 
PROGRAM  SYNTHESIS,  July  1970,  54  pages, 

An  elementary  outline  of  the  theorem-proving  approach  to  automatic 
program  synthesis  Is  given,  without  dwelling  on  technical  details. 
The  method  Is  Illustrated  by  the  automatic  construction  of  both 
recursive  and  Iterative  programs  operating  on  natural  numbers,  lists, 
and  trees. 

In  order  to  construct  a  program  satisfying  certain  specifications,  a 
theorem  Induoed  by  those  specifications  Is  proved,  and  the  desired 
program  |s  extracted  from  the  proof.  The  same  technique  Is  applied 
to  transform  recursively  defined  functions  Into  Iterative  programs, 
frequently  with  a  major  gain  In  efficiency, 

It  Is  emphasized  that  In  order  to  construct  a  program  with  loops  or 
with  recursion,  the  principle  of  mathematical  Induction  must  be 
applied,  The  relation  between  the  version  of  the  Induction  ru|e  used 
and  the  form  of  the  program  constructed  Is  explored  In  some  detail, 

AIM-128,  Er  |  k  J,Sandewa||,  REPRESENTING  NATURAL-LANGUAGE 

INF0RMATI0N  IN  PREDICATE  CALCULUS,  July  1970,  27  pages, 

A  set  of  general  conventions  are  proposed  for  representing  natural 
language  Information  in  many-sorted  first  order  predicate  calculus. 
The  purpose  Is  to  provide  a  testing-ground  for  existing  theorem- 
proving  programs, 

AIM-129,  Shlgeru  IgaraShl,  SEMANTICS  OF  ALGOL-LIKE  STATEMENTS, 

June  1970,  95  cages, 

The  semantics  of  elementary  A I  go | - 1 Ike  statements  Is  dlsoussed, 
mainly  based  on  an  axiomatic  method, 

Firstly,  a  class  of  A|gol-||ke  statements  is  Introduced  by 
generalized  Inductive  definition,  and  the  Interpretation  of  the 
statements  belonging  to  It  Is  defined  In  the  form  of  a  function  over 
this  class,  using  the  Induction  principle  Induced  py  the  above 
definition,  Then  a  category  of  program  Is  Introduced  In  order  -  to 
elarlfy  the  concept  of  equivalence  of  statements,  which  becomes  a 
special  case  of  Isomorphism  In  that  category. 

A  revised  formal  system  representing  the  concept  of  equivalence  of 
A  I  go  I  -  1 1 ke  statements  Is  presented,  followed  by  elementary 
metatheorems , 
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Finally#  a  procass  of  decomposition  of  A  I  g  o  I  —  I  Ike  statemants»  which 
can  be  regarded  as  a  conceptual  compiler#  or  a  constructive 
description  of  semantics  based  on  primitive  actions#  Is  defined  and 
Its  correctness  Is  proved  formal ly#  by  the  help  of  the  Induced 
I nduct Ion  principle, 

AIM-130,  Michael  D.  Kelly#  VISUAL  IDENTIFICATION  OF  PEOPLE  BY 
COmPUTFB,  Ju|y  1970,  238  pages. 

This  thesis  doscrloes  a  computer  program  whloh  performs  a  complex 
picture  processing  task.  The  +  &sk  |s  to  choose#  from  w  collection  of 
pictures  of  people  taken  by  a  TV  camera,  those  pictures  that  depict 
the  same  person,  The  primary  purpose  of  this  research  has  been 
directed  toward  the  development  of  new  techniques  for  picture 
process  I ng , 

In  brief#  the  program  works  by  finding  the  location  of  features  such 
as  eyes#  nose#  or  shoulders  In  the  pictures,  Individuals  are 
classified  by  measurements  between  such  features,  The  Interesting 
and  difficult  part  of  the  work  reported  In  this  thesis  Is  the 
detection  of  those  features  In  digital  pictures,  The  nearest 
neighbor  method  Is  used  for  Identification  of  Individuals  ones  a  sat 
of  ireasur ements  has  been  obtained. 

The  success  of  the  program  Is  due  to  and  Illustrates  the  heuristic 
use  of  context  and  structure.  A  new,  w|dely  useful,  technique  called 
planning  has  been  aPPMed  to  picture  processing,  Planning  !s  a  term 
which  Is  drawn  from  artificial  Intelligence  research  In  problem 
solving, 

The  principal  positive  result  of  this  research  Is  the  use  of  goal- 
directed  techniques  to  successfully  locate  features  In  cluttered 
digital  pictures,  This  success  has  been  verified  by  displaying  the 
results  of  the  feature  finding  algorithms  and  comparing  these 
locations  with  the  locations  obtained  by  hand  from  digital  printouts 
of  the  pictures,  Successful  performance  In  the  task  of 
Identification  of  oeople  provides  further  verification  for  the 
feature  finding  algorithms, 

AIM-131,  Edward  A,  Feloenbaum#  Bruce  G,  Buchanan#  Joshua  Lederberg, 

ON  GENERALITY  and  PROBLEM  SOLVING:  A  CASE  STUDY  USING  THE 
DENDrAL  PrOGrAM,  August  1970,  48  pages. 

Heuristic  DENDRAL  Is  a  computer  program  written  to  solve  problems  of 
Inductive  Inference  In  organic  chemistry,  This  paper  will  use  the 
design  of  Heuristic  DENORAL  and  Its  psrformance  on  different  problems 
for  a  discussion  of  the  following  tonics; 

1,  the  design  for  generality! 

2,  the  performance  problems  attendent  upon  too 
much  genera  I  I ty 

3,  the  coupling  of  expertise  to  the  general  problem  solving 
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processes* 

the  symbiotic  relationship  between  generality  and 
•xper tnpess  of  problem  solving  systems, 


We  conclude  the  paper  with  a  view  of 
solver  that  |s  a  variant  of  the  "big 


tne  design  for  a  general  problem 
switch"  theory  of  generality, 


AIM-132,  Gilbert  Fa|k,  COMPUTER  INTERPRETATION  OF  IMPERFECT  LINE 
DATA  AS  A  THREE-DIMENSIONAL  SCENE,  Auguat  1970,  167 


The  major  portion  cf  this  paper  describes  a 
description  program,  This  program  accepts 
represented  as  a  line  drawing,  Based  on  a  set  of 
the  program  attempts  to  determine  the  Identity  and 
object  viewed,  The  most  significant  feature  of 
abTlItv  to  deal  w|th  |mperfeet  Input  data, 


heuristic  scene 
as  Input  a  scene 
known  object  models 
location  of  each 
the  program  Is  | ts 


We  also  present  some  preliminary  results  concerning  constraints  In 
projections  of  planar-faced  solids,  We  show  that  for  a  restricted 
class  of  projects,  4  points  located  In  3-space  |n  addition  to 
complete  monocular  (nformatjon  are  sufficient  to  specify  all  the 
visible  point  locations  precisely, 

AIM-133,  Anthony  C,  Hearn,  REDUCE  2,  October  1970,  pages. 

This  manual  provides  the  user  w|th  a  description  of  the  aiaehmi/. 

2.  th.  ..wbimiM  of 


1)  And  ordering  of  rational  functions  of  Oolynomlels,  2) 

symbol  c  differentiation  of  rational  functions  of  polynomial,  and 

31 ,  5“p=‘'*ut!ans  ‘na  patt,rn  "•‘••'in*  is  a  -tss 

, c*  £U  at  °n  of  the  9r*atest  common  divisor  of 

egress  ons  2  S'  . 5 >  .  aV fomat  1  °  and  “sor  controlled  simplification  of 
expressions,  6)  calculations  with  symbolic  matrices,  7>  a  complete 

ts2|f  Is  SJittS  °'a?  22!CU|laJ!0nS'  Jn  ,Wh'Ch  the  REDUCE:  proaram 
ixse  t  is  wr  tten,  8)  calculations  of  Interest  to  high  energy 

op.r^fon”.  'nClua|na  sp,n  1/2  «l"  1  al9.br.,  1)  t.S^ 

AIM-134,  Jay  Martin  Tenenbaum,  ACCOMMODATION  IN  COMPUTER  VISION. 
September  1970,  452  pages, 

Mrairat?!*1!!?  9V0,v,n9  computer  v  I  s  I  on  system  In  which  the 

STIITI-  rSh°I  *1  CafflePa  are  controlled  by  the  computer,  It  Is 
JhUlSh6d  fr°m  conventional  picture  processing  systems  by  the 
fact  that  sensor  accommodation  Is  automatic  and  treated  as  an 
Integral  part  of  the  recognition  process,  *" 

♦!,2e.+a  Der8on'  com8s  contact  with  far  more  visual 
Information  than  |t  can  process,  Furthermore,  no  physical  sensor  can 
slmutaneously  provide  Information  about  the  full  rings  of  thl 
environment,  Consequently,  both  man  and  machine  must  a?commodati 
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their  sensors  to  emphasize  selected  characteristics  of  the 
env  I  ronirent , 

Accommodation  improves  the  reliability  and  efficiency  of  machine 
perception  by  matching  the  Information  provided  by  the  sensor  with 
that  required  by  specific  perceptual  functions,  The  advantages  of 
acconrmooat  I  on  are  demonstrated  In  the  context  of  five  key  functions 
In  computer  vision;  acquisition,  contour  following}  verifying  the 
presence  of  an  expected  edge,  range-f | nd I ng,  and  color  recognition, 

We  have  modeled  the  Interaction  of  camera  parameters  with  scene 
characteristics  to  determine  the  composition  of  an  Image,  Using  a 
prior!  knowledge  of  the  environment,  the  camera  Is  tuned  to  satisfy 
the  Information  requirements  of  a  particular  task, 

Task  performance  depends  Implicitly  on  the  appropriateness  of 
available  Information,  If  a  function  falls  to  perform  as  expected, 
and  If  this  failure  Is  attributable  to  a  specific  Image  deficiency, 
then  the  relevant  accommodation  parameters  can  be  refined. 

This  schema  for  automating  sensor  accommodation  can  be  applied  In  a 
variety  of  perceptual  doma'ns, 

AIM-135,  David  Canf|e|d  Smith,  MLISP,  October  1970,  99  pages. 

MLISP  Is  a  high  level  list-processing  and  symbo | -man  I pu I  at  I  on 
language  based  on  the  programming  language  LISP,  MLISP  programs  are 
translated  Into  LISP  programs  and  then  executed  or  compiled,  MLISP 
exists  for  two  purposes:  (1)  to  facilitate  the  writing  and 
understanding  of  LISP  programs;  <2>  to  remedy  certain  Important 
deficiencies  In  the  list-processing  ability  of  LISP, 

AIM-136,  George  M,  White,  MACHINE  LEARN i NG  THROUGH  SIGNATURE  TREES, 
APPLICATION  TO  HUMAN  SPEECH,  October  1970,  40  pages. 

Signature  tree  "machine  learning",  pattern  recognition  heuristics  are 
Investigated  for  the  specific  problem  of  computer  recognition  of 
human  speech.  When  the  data  base  of  given  utterances  Is  Insufficient 
to  establish  trends  with  confidence,  a  large  number  of  feature 
extractors  must  be  employed  and  "recognition"  of  an  unknown  pattern 
made  by  comparing  Its  feature  values  w|th  those  of  known  patterns, 
When  the  data  base  js  replete,  a  "signature"  tree  can  be  constructed 
and  recognition  can  be  achieved  by  the  evaluation  of  a  select  few 
features,  Learning  results  from  selecting  an  optimal  minimal  »et  of 
features  to  achieve  recognition,  Properties  of  signature  trees  and 
the  heuristics  for  th|s  type  of  learning  are  of  primary  Interest  In 
this  exposition, 

AIM-137,  Donald  E,  Knuth,  AN  EMPIRICAL  STUDY  OF  FORTRAN  IN  USE, 
November  1970,  44  pages. 
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A  sample  of  programs,  written  In  Fortran  by  a  wide  variety  of  paople 
for  a  wide  variety  of  applications,  was  chosen  "at  random"  In  an 
attempt  t°  discover  quantitatively  "what  programmers  really  do". 
Statistical  rasults  of  this  survey  arc  presented  here#  together  with 
some  of  their  apparent  Implications  for  future  work  in  compiler 
design,  The  principle  conclusion  which  may  be  drawn  |s  the 
Importance  of  a  program  "profile",  namely  a  table  of  frequency  counts 
which  record  how  often  each  statement  |s  performed  In  a  typ'cal  run: 
there  are  strong  Indications  that  profile-keeping  should  become  a 
standard  Practice  In  all  computer  systems,  for  casual  users  as  well 
as  system  programmers,  Some  new  approaches  to  compiler  optimization 
are  also  suggested.  This  paper  Is  the  report  of  a  three  month  study 
undertaken  by  the  author  and  about  a  dozen  students  and 
representatives  of  the  software  Industry  during  the  summer  of  1970. 

AIM-138,  E,  Ashcroft  and  Z,  Manna,  THE  TRANSLATION  OF  »G0-T0' 
Programs  to  'WHILE'  Programs,  November  1970,  28  pages, 

In  this  paper  we  show  that  every  flowchart  program  can  be  written 
without  'go-to *  statements  by  using  'while'  statements.  The  main 
Idea  Is  tc  Introduce  new  variables  to  Preserve  the  values  of  certain 
variables  at  particular  oolnts  In  the  program;  or  alternatively,  to 
Introduce  special  boolean  variables  to  keep  Information  about  the 
course  of  the  computation,  The  new  programs  preserve  the  'topology' 
of  the  original  program,  and  are  of  the  same  order  of  efficiency.  We 
also  show  that  this  oannot  be  done  In  general  without  adding 


AIM-139,  Zohar  Manna,  MATHEMATICAL  THEORY  OF  PARTIAL  CORRECTNESS, 
December  1970,  24  pages, 

In  this  work  we  show  that  It  |s  possible  to  express  mo3t  properties 
regularly  observed  |n  algorithms  In  terms  of  'partial  correctness' 
(l,e,,  the  property  that  the  final  results  of  the  algorithm,  If  any, 
satisfy  some  given  Input-output  relation),  This  result  |s  0f  special 
Interest  since  'Partial  correctness'  has  already  been  formulated  In 
predicate  calculus  and  |n  partial  function  logic  for  many  classes  of 
a  I gor | thms, 
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AIM-140,  Roger  C,  Schank,  INTENTION,  MEMORY, 
UNDERSTANDING,  January  1971,  59  pages, 


AND  COMPUTER 


Procedures  are  described  for  discovering  the  Intention  of  a  speaker 
by  relating  the  Conceptual  Dependence  representation  of  the  speaker's 
utterance  to  the  computer's  world  modal  such  that  simple  Implications 
can  be  made,  These  procedures  function  at  levels  higher  than  that  of 
the  sentence  by  allowing  for  predictions  based  on  context  and  the 
structure  of  the  memory,  Computer  understanding  of  natural  language 
Is  shown  to  consist  of  the  following  parts:  assigning  a  conceptual 
representation  to  an  Input;  relating  that  representation  to  the 
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memory  such  as  to  extract  the  Intention  of  the  speaker  and  se|eot|ng 
the  correct  response  type  triggered  by  such  an  utterance  according  to 
the  situation, 

AIM-141,,  Bruce  G,  Buchanan,  Edward  A,  Felgenbaum,  and  Joshua 
Lederberg,  THE  HEURISTIC  DENDRAj.  PROGRAM  FOR  EXPLAINING 
EMPIpiCAL  DATA,  February  1971,  20  pages, 

Tl a  Heuristic  DENDRAL  Program  uses  an  Information  processing  model  of 
scientific  reasoning  to  explain  experimental  data  In  organic 
chemistry,  This  report  summarizes  the  organization  and  results  of 
the  program  for  computer  scientists.  The  program  Is  divided  Into 
three  main  parts:  planning,  structure  generation,  and  evaluation, 

The  planning  phase  Infers  constraints  on  the  search  space  from  the 
empirical  data  Input  to  the  system,  The  structure  generation  phase 
searches  a  tree  whose  termini  are  models  of  chemical  models  using 
pruning  heuristics  of  various  kinds,  The  evaluation  phase  tests  the 
candidate  structures  against  the  original  data.  Results  of  the 
orogram's  analyses  of  some  test  data  are  discussed, 

AIM-142,  Robin  Milner,  AN  ALGEBRAIC  DEFINITION  OF  SIMULATION  BETWEEN 
programs,  February  1971,  21  pages, 

A  simulation  relation  between  programs  Is  defined  which  Is 
ouas I -order  I ng,  Mutual  simulation  Is  then  an  equivalence  relation, 
and  by  dividing  out  by  It  we  abstract  from  a  program  such  details  as 
how  the  seouenclng  |s  controlled  and  how  data  Is  represented.  The 
equivalence  classes  are  approximations  to  the  algorithms  which  are 
realized,  or  expressed,  by  their  member  programs, 

A  technique  Is  given  and  Illustrated  for  proving  simulation  and 
equivalence  of  orograms;  th*re  Is  an  analogy  with  Floyd's  teehnlqua 
for  proving  correctness  of  programs,  Finally,  necessary  and 
sufficient  conditions  fc.*  simulation  are  given. 
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Appendix  £ 

OPERATING  NOTES 

Stanford  Artificial  Intelligence  Laboratory  Operating  Notes  (SAILQNs) 
describe  the  operation  of  oomputer  programs  and  equipment  and  are 
Intended  for  projeot  use.  This  annotated  (1st  omits  obsolete  notes. 

The  laboratory  has  a  dua I -processor  (DEC  PDP-10/PDP-6)  time-shared 
computer  with  131  thousand  words  of  core  memory  backed  by  a  swapping 
disk  (20  million  bits  per  second  transfer  rate)  and  an  IBM  2314  disk 
file,  Online  terminals  Include  40  display  consoles  and  15  Teletype 
terminals,  Other  online  equipment  Includes  TV  cameras,  mechanical 
arms,  audio  Input  and  output, 

SAILON-2,1.  W,  Welher.  "Calcomp  Plot  Routines'1.  September  1968, 

SAIL0N-3.li  B,  Baumgart.  "How  to  Do  It  and  Summaries  of  Things", 
March  1969,  An  Introductory  summary  of  system  features 
( obso | escent) . 

SAIL0N-8.  S,  Russell.  "Recent  Additions  to  FORTRAN  Library".  March 
1967. 

SAIL0N-9,  P.  Petit.  "Electronic  Clock".  March  |967,  Electronic  clock 
attached  to  the  system  gives  time  |n  micro-seconds,  seconds, 
minutes,  hours,  day,  month,  and  year.  You  have  to  remember 
whether  It's  B.C.  or  A.O, 

SA I LON-il,  P,  Petit,  "A  Recent  Change  to  the  Stanford  PDP-6 
Hardware",  March  1967,  The  POP-6  has  been  changed  so  that  user 
programs  can  do  the|r  own  I/O  to  devices  numbered  700  and 
above, 

SAILON-21,  A,  Grayson,  "The  A-D  Converter",  June  1967, 

SA I  LON-21  Addendum  1,  E,  Panofsky,  "A/0  Converter  Multiplexer  Patch 
Panel  and  Channel  Assignments  as  of  1-9-69",  January  1969, 

SA I  LON-24 ,  S,  Russell,  "POP-6  I/O  Device  Number  Summary",  August 
1967, 

SA ILON-25,  S,  Russel  lr  "The  Miscellaneous  Outputs",  August  1967. 
Gives  bit  assignments  for  output  to  hydraulic  arm  and  TV  camera 
positioning, 

SAILON-26,2,  P,  Petit,  "FAIL",  April  1970,  Describes  one-pass 
assembler  that  Is  about  five  times  as  fast  as  MACRO  and  has  a 
more  powerful  macro  processor, 
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SA I  LON-28 , 3,  L,  Guam#  "Stanford  LISP  1,6  Manual"#  September  3-969, 
Describes  the  LISP  Interpreter  and  compiler,  the  editor  ALVINE, 
and  other  aspects  of  this  venerated  list  processing  system, 

SAILON-29,  W,  we | her ,  "Preliminary  Description  of  the  Display 
Processor",  August  1967,  III  display  system  from  the 
programmer's  viewpoint, 

SA I  LON-3 1 #  J,  Sauter,  "Dlso  Diagnostic",  October  1967,  a  program  to 
test  the  Llbrascopa  Disk  and  Its  Interface, 


S A I  LON-35 , 2  ,  K,  P|ngle.  "Hand-Eye  Library  File",  April  1970, 

SAILON-36,  G,  Feldman,  "Fourier  Transform  Subroutine",  June  1968, 
FORTRAN  subroutine  performs  one-d I  mens | ona I  Fast  Fourier 
T  pansf orm, 

SAIL0N-37,  S,  Russell  and  L.  Earnest,  "A, I,  Laboratory  Users  Guide", 
June  1968,  Orientation  and  administrative  procedures, 

SA I  LON-37 ,  Supplement  1,  J.  McCarthy,  "A, I,  Laboratory  Users  Guide", 
June  1968,  Hard-line  administration, 

SAILON-38,  P,  V|cens#  "New  Speech  Hardware",  August  1968, 
Preprocessor  for  Input  to  speech  recognition  systems, 

SA I  LON-39,  J.  Sauter  and  D,  Swlnehart,  "SAVE",  August  1968,  Program 
for  saving  and  restoring  a  single  user's  disk  files  on  magnetic 
tape , 

SA I  LON-41,  L.  Guam,  "SMILE  at  LISP",  September  1968,  a  package  of 
useful  LISP  functions. 

SAILON-4?,  G,  Falk,  "Vldlcon  Noise  Measurements",  September  1968, 
Measurements  of  spatial  and  temporal  noise  on  Cohu  vldlcon 
camera  connected  to  the  computer, 

SAIL0N-43,  A,  Moorer,  "DAEMON  -  Qlsk  Dump  and  Restore",  September 
1968,  Puts  all  or  selected  files  on  magnetic  tape,  New 
version  described  In  SAILQN-54, 


SA I  LON-44,  A,  Moorer,  "FCROX  -  MACRQX  to  Fall  Converter",  September 
1968,  Converts  MACRO  programs  to  FAIL  format,  with  a  few 

annotated  exceptions, 


SA I  LON-45 ,  A,  Hearn,  "RCDUCE  Implementation  Guide",  October  1968, 
Describes  the  procedure  for  assembling  REDUCE  (a  symbolic 
computation  system)  In  any  LISp  system. 


SAILON-46,  w,  Welher,  "Loader  Input  Format",  October  1968, 
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SAILQNpp««r;2J.47  S^P'*ment  *•  J.  s»ut#r  and  J,  Singer,  "Known 
196?  m  nfl  D|fferenc®8  the  PDP-6  and  POP-10"  November 

SAIL0N-49,^A,^  Hearn,  "Service  Routines  for  Standard  LISP  Users", 

SAlLON-50,2,  S,  Savltzky,  "Soh  of  Stopgap"#  April  1970,  a 

I lne-number-°r,ented  text  editor  with  string  search  and 
substitution  commands  and  hyphenless  text  Justification, 

SAILON-52,1#  A,  Moorer,  "System  Bootstrapper *  s  Manual",  February 

1969,  How  to  bring  back  the  system  from  various  states  of 
o i sar ray j 

SA I  LON-53,  R,  Neely  and  J,  Beauohamp,  "Some  FORTRAN  I/O  Human|zot|on 
Teohnlques",  March  1969,  How  to  live  with  FOrTran  crockery, 

SAILON-54,2,  A,  Hocrar.  "Stanford  A-I  Projeot  Monitor  Manuals  Chapter 

f"  Conso  I  •  Commano*",  September  1970,  How  to  talk  to  tha 
timesharing  system. 

SAILON-55,2,  A,  M0oro r#  "Stanford  A-I  Project  Monitor  Manuals 

chapter  II  -  Use,-  Programming",  September  1970,  Maohlne 

language  commands  to  the  timesharing  system, 

SAILON-56,  T,  Panofsky,  "Stanford  A-I  Facility  Manual",  Computer 

equipment  features  (In  preparation),  '  °  r 

SAILON-S^,  0  Swlnehart  and  R,  SprOull,  "SAIL",  November  1969. 
ALGOL-60  compiler  w|th  LEAP  constructs  and  string  processing, 


SAIL0N-5B,  p,  Petit,  "RAIO",  September  1969, 
machine  language  debugging  package. 


SAILON-59,  a,  Moorer,  "MONMON",  October  1969,  Lets  you  peer 
the  TS  monitor. 


Display-or (anted 
I  nto 


SA I  LON-60 ,  L,  Earnest,  "Documentation  Services",  February  1970  Text 
Preparation  by  computer  Is  often  cheaper  then  typewriters, 
r ac I  i  1 1 1 es  for  text  preparation  and  reproduction  are  discussed. 

S#IL°N-61,  R,  He | | | ws I | f  "C0Pr»,  j.nu.ry  1971,  A  oroar.m  for  moving 
efflcts0,n  °n®  P  ®C#  t0  another*  often  with  Interesting  side 
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